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CR()ss-Ri:i i-:ri:nci- to ri;i.ati-;i) application 

This applicalion claims ihc benefit of U.S. ProNisional Patent Applieation 
No. 60/181.769. filed 1 ehruan 14. 2()()(). wliieh is incorporated herein by reterence in its 
entirety. 

TECHNICAL FllTJ) 

Lhe present inxention relates to the protein tyrosine phosphatase family of 
enzymes that mediate biological signal tran.sduction. and in particular to assays for protein 
,> rosine phosphatase binding to. or catalytic dephosphory lation of tyrosine phosphorylated 
peptide substrates. 

BACKCiROl !N1) OF Tl if 1NV!-;NT10N 

Rexersible protein t>rosine phosphorylation, coordinated by the action oi 
protein tyrosine kinases (PLKs) that phosphor>late certain tyrosine residues in 
S polypeptides, and protein tyrosine phosphata.ses (PTPs) that dephosphonlate certain 
phosphotyrosine residues, is a key mechanism in regulating many cellular acti^ ities. It is 
becoming apparent that the diversity and complexity of the PTPs and P LKs are comparable, 
and that PTPs are equally important in delivering both positive and negatixe signals for 
proper function of cellular machinery . Regulated tyrosine phosphorylation contributes to 
0 specific pathways for biological signal transduction, including those associated with cell 
division, proliferation and differentiation. Defects and/or malfunctions in these pathways 
may underlie certain disease conditions for which effective means for intervention remain 
elusive, including for example, malignancy, autoimmune disorders, diabetes, obesity and 
infection. 

5 The protein tyrosine phosphatase (P I P) family of en/ymes consists of more 

lhan .SOO structurally diverse proteins that have in common the highly conserx ed 250 amino 



acid I' l l' catalMic domain, but which display considerable variation in iheir non-catalytic 
segments (Charbonneaii and Tonks. 1W2 Annu. Rev Cell Biol. A':463-4')3: Tonks. 1W3 
Scmin ( 'ell Biol- •/;373-453). This structural di\ersity presumably rellects the diversit\ ol 
phvsiological roles of indi\ idual I' TP family members, which in certain cases have been 

,S demonstrated to ha\e speeitic functions in growth. de\elopment and differentiation (Desai 
et al.. 1W6 (V//<S'7:59Q-609: Kishihara et al.. 199.3 (V// 143-1 .^6; Perkins et al.. 1992 
Cell 17:225-236; Pingel and Thomas. 1989 (V// 5(V: 1055- 1065: Schult/ et al..l993 Cell 
-j:1445.1454). PTPs participate in a variety of plwsiologic functions, providing a number 
of opportunities for therapeutic intervention in physiologic processes through alteration or 

10 modulation (e.g.. up-regulation or down-regulation) of PIP activity. For example, 
therapeutic inhibition of PTPs such as PTPIB in the insulin signaling pathway may serve to 
augment insulin action, thereby ameliorating the state of insulin resistance common in 1 ype 
II diabetes patients. 

Although recent studies have also generated considerable information 
15 regarding the structure, expression and regulation of Pfl's. the nature of the tyrosine 
phosphorylated substrates through which the PTPs exert their effects remains to be 
determined. Studies with a limited number of synthetic phosphopeptide substrates ha^e 
demonstrated some differences in the substrate selecti\ itics of different P I Ps (Cho et al.. 
1993 Protein Set 2: 977-984: Dechert et al.. 1995 Eur. ,/. Dioehem. 2i/:673-68 1 ). 
20 Analyses of P fP-mediated dephosphorylation of PTP substrates suggest that catalytic 
activitv may be favored by the presence of certain amino acid residues at specific positions 
in the substrate polypeptide relative to the phosphorylated tyrosine residue (Ruzzene et al.. 
1993 Eur. J. Biochem. 277:289-295: Zhang et al.. 1994 Biochemistry Ji:2285-2290). 
I hus. although the physiological relex ance of the substrates used in these studies is unclear. 
25 P 1 Ps display a certain level of substrate selectivity in vitro. 

The PTP family of en/ymes contains a common e\ olutionarily conserv<xl 
• segment of approximately 250 amino acids known as the PTP catahlic domain. Within 
this eonser\ed domain is a unique signature sequence motif. 



ll/V|lK XA(iXXR|S'T){; ^I-^^ 

thai is invariant among ail i'Tl's. The cysloinc residue in this motif is invariant in members 
(,r the family and is known to he essential for eatalysis of the phosphotyrosine 

5 dephosphorylation reaction. It functions as a nucleophilc to attack the phosphate moiety 
present on a pliosphotyrosine residue of the incoming substrate. If the cysteine residue is 
altered by site-directed mutagenesis to serine , in cysteine-to-serine or ■•CS" mutants) 
or alanine (c'.;t,'.. cysteine-lo-alanine or "CA" mutants), the resulting PI P is calalytieally 
deficient but retains the ability to complex with, or bind, its substrate, at least in vilro. 

]() cs mutants of certain P'l'P family members, for example. MKP-1 (Sun ct 

al.. 1^>^^3 Cell 75:487). may effectively bind phosphotyrosyl poh peptide substrates in vitro 
to tbrm stable enzyme-substrate complexes, thereby functioning as "substrate trapping- 
mutant PTPs, Such complexes can be isolated tVom cells in which both the mutant P I P 
and the phosphotyros>l polypeptide substrates are present. According to non-limiting 

1 S iheor\-. expression of such a C S mutant PTP can thus antagoni/,e the norma! tunetion of the 
corresponding wildl>pe P fP (and potentially other PTPs and/or other components of a PTP 
signaling palhwa> ) x ia a mechanism whereb> the CS mutant binds to and sequesters the 
substrate, precluding substrate interaction with catalyticalh active, wildlype enzyme (e.,i^.. 
Sunetal.. 1993). 

20 CS mutants of certain other P'fP famih members, however, may bind 

phosphotNTOsyl polypeptide substrates and form complexes thai exist transienth and are not 
stable. The CS mutant of PTP IB is an example of such a PTP. Catalyticall\' deficient 
mutants of such enzymes that are capable of forming stable complexes with phophotyrosyl 
poKpeptide substrates may be derived by mutating a wildt>pe protein t>rosine phosphatase 

25 catalytic domain iinariant aspartate residue and replacing it with an amino acid that does 
not cause significant alteration of the Km of the enzyme but that results in a reduction in 
Kcal. as disclosed, for example, in U.S. Patent Nos. 5.912.138 and 5.951.979. in U.S. 
Application No, 09/323.426 and in PC 17( iS97/13016. l or instance, mutation of Asp 1X1 
in PIPIB to alanine to create the asparlate-to-alanine (I) to A or DA) mutant PIPIB- 



1)181 A results in a P I PH? "siibslratc trapping" nuilanl cn/ynic that forms a stable eomplex 
with its phosphotyrosyl pt)lypeplide substrate {ca^.. Mint ct al.. 1997 Proc. Xaf. Acad. Sci. 
94:1680), Substrates of other PITs ean be identified using a similar substrate trapping 
approaeh. for example substrates of the PTP family members PTP-PP:S f (Garton et al.. 
5 1996./. AM Cell. Biol. 16:6408). 1C4^T1^ (Tiganis et ah. 1998 Mol. Cell Biol, 18:1622). 
PI P-HSCP (Speneer et al.. 1997 7. Cell BioL 138:843) and PTP-Hl (Zhang et ah. 1999 ./, 
Biol. Chem. 274:17806). 

Currently, desirable goals for determining the moleeular meehanisms that 
go\ ern P I P-mediated cellular e\ ents include, inter alia, determination of PTP interacting 

10 molecules, substrates and binding partners, and identification of agents that regulate P TI' 
activities. In some situations. ho\ve\er. current approaches may lead to an understanding 
of certain aspects of the regulation of tyrosine phosphorylation by PTPs. but still may not 
provide strategies to control specific tyrosine phosphorylation and/or dephosphorylation 
events within a cell. Accordingly, there is a need in the art for an impro\'ed ability to 

15 regulate phosphotyrosinc signaling, including regulation of PTPs. An increased 
understanding of PTP regulation ma> facilitate the development of methods for modulating 
the acti\ ity of proteins invoK ed in phosphotyrosinc signaling pathways, and for treating 
conditions associated with such pathwaxs. 

Presently, a number of known screening assays ibr agents that regulate P PP 

20 activities are known, yet each of these assays has significant limitations in specificity, 
sensitivity or speed. For instance, one of the most common assays uses spectroscopic 
detection to measure p-nitro-phenol following hydrolysis of the simple organic phosphate 
ester p-nitrophenyl phosphate (pNPP). While this assay is simple to perform, it is neither 
specific for P I Ps (pNPP is hydroly/ed by all types of phosphatases including 

25 serine/threonine phosphatases as well as PTPs). nor particularly sensitive in its detection 
limits. In general, because pNPP is an exceptionally poor substrate for PI Ps (Zhang et al., 
1994 Biochem. 33:2285) and because of the relatively poor sensitivity of typical 
spectroscopic detection in assays that determine pNPP hydrolysis, large quantities of P TP 
en/yme must be used in these assays. Such routine preparation of large amounts of a 



# 

particular IM P cn/\mc is often impractical and/or cxpciisiNC. and may further preclude 
adaptation of the assay to a useful high throughput screening tormat. 

Similarly, poor specificity for P I Ps is a shortcoming of assays known to the 
art that, through the use ol~ lluoresccnce detection, exhibit improved sensitixity for 
5 detectable. h}droly/able phosphorylatcd substrates relatixe to spectroscopic assays 
described above. Such lluoresccnce assays emplo> phosphate esters of lluorescein. tor 
example OMFP (.VO-methyltluorescein phosphate. Ciottlin et al.. 19%./. Biol. Chcm. 
271:27445) or FDP (lluorescein diphosphate, t'.t:.. Huyer et al.. l')97 ,/ Biol. Chcm. 
272:843). Ihese detectable .substrates are intrinsically unstable in solution, however. 
10 making them poorly suitable for high throughput screening applications. Morco\er. P TI's 
exhibit high speei licit} for phosphotyrosyl peptide substrates, as noted abo\e. while 
showing poor specificity for unnatural organic phosphate esters such as OMPP or I DP. 
Such assays therefore suffer from unreliability due to detection of spurious phosphate 
group h>drohsis b>- contaminating phosphatases that are not PfPs. and/or inefficient 
1 5 h\ drol> sis b\ P 1 Ps of the artificial organic phosphate ester substrates. 

Another tvpe of PIP assa\s that are known employ substrates for which 
P I Ps ha\ e high specificity, such as tyrosine phosphorylatcd proteins or peptides. I hese 
assays detect PTP acti\ily by monitoring the release of free phosphate Ibllowing PTP 
h>drolysis of such substrates, for example, non-radioactive detection of liberated 
20 phosphate may be performed colorimetrieally using malachite green reagents (Ng et al.. 
1994 ,/. Immunol. Meth. 179:177), I he sensitivity of such colorimetric phosphate 
determination, however, is quite low. Hnhanced sensitixity may be obtained in a 
radiometric assa>- of PTP-mediated dephosphorvlation of a suitable tyrosine 
phosphorylatcd protein or peptide substrate by using '^P,-labeled substrates. Such assays. 
25 howex er. reciiiire frequent synthesis of new radiolabeled substrates in order to maintain the 
high specific radioactivity needed to obtain the desired sensitivity. These procedures 
become time-consuming and expensixe. and inxolve additional procedural measures 
related to the storage, handling and disposal of radioactive materials. AdditionalK. 
counting radioactixity in each assax sample is a slow priK'ess. compared to the time 



imolvccl in dolormining ahsorbancc or tluorcsccncc diaractcristics of a sample. 
Alleinativc assays that have been dcscrihoci lor .ncasurin^ P IT acliv it> may be of limited 
usefulness uhere there is a requirement lor radioaetixely labeled assay eomponents and/or 
solid-phase immohili/atit)n of one or more assa> eompiMients (see. c.i^.. WO 98/20{)24. 
S WO 98/201 56). hi eertain other situations, optimization of multiple assay eomponents may 
be necessary, for e.xample where dislinet P I P substrates, reporter moleeules and additional 
moleeules are employed (see. e.^.. WO 98/18956. WO 99/29894). Moreover, it may be 
diffieult using e.xisling methodologies to distingui-sh between (i) agents that alter {e.ii.. 
increase or decrease) PIP activity by rev ersible interaction with a PTP molecule (or a P I P 
0 substrate) and (ii) agents that alter PTP activity b> covalently reacting with the 
phosphatase, for example, by modifying the side chain of the P IT catalytic domain 

invariant cysteine residue. 

Clearly there is a need tbr improved assays to identify agents that regulate 
PTP activities. The present invention fulfills these needs and further provides other related 
5 ad\antages. 

SUMMARY Oh I Hh INVT^N HON 

According to the present invention, there are provided compositions and 
methods that are usetul for performing screening assavs to identify agents that alter PTP 
binding to. and PfP-mediated catalytic dephosphorvlation of. phosphotyrosine peptide 
20 substrates. Thus, it is one aspect of the inv ention to provide a method tbr identify ing an 
agent which alters the interaction between a protein tvrosine phosphatase and a tyrosine 
phosi^horvlated poKpeptide which is a substrate of the protein tyrosine phosphatase, 
comprising contacting in the absence and in the presence of a candidate agent, a substrate 
trapping mutant of a protein tyrosine phosphatase and a detectably labeled tyrosine 
25 phosphorylated peptide which is a substrate of the protein tyrosine phosphatase under 
conditions and for a time sufficient to permit formation of a complex between the tyrosine 
phosphorylated peptide and the substrate trapping mutant protein tyrc^ine phosphatase, 
wherein the substrate is capable of generating a lluorescence energy signal: and comparing 
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the lluorcsconcc cncru> signal lex el in the absence of the agent to the tluorescence energy 
signal level in the presence ol the agent, wherein a difference m the tluorescence cnerg> 
signal level indicates tiio agent alters lor.nation of a complex between the protein tyrosine 

phosphatase and the substrate. 

3 In certain embodiments the tluorescence energy signal is a lluorescent 

polarization signal, and in certain embodiments the detectahh- labeled tyr(.sine 
phosphorylated peptide comprises a lluorophore. which may be lluoreseein. rhodamine. 
Texas Red. Alexainuor-594. AlexaMuor-4S8. Oregon Green. BODIPY-I L or Cy-5. in 
another embodiment, the substrate comprises a polypeptide sequence derived irom a 

10 protein that is VCP. pl30^". IXiF receptor. p210 bcriabi. MAP kinase. She. insulin 
receptor. Ick or T cell receptor /eta chain, in an.^ther embodiment, the substrate trapping 
mutant protein tyrosine phosphatase comprises a protein tyrosine phosphatase in uhich the 
wildtype protein t>rosine phosphatase catalytic domain invariant aspartate residue is 
replaced with an amino acid which does not cause significant alteration of the Km of the 

15 enzyme but which results in a reduction in Kcat to less than 1 per minute, in another 
embodiment, the substrate trapping mutant protein tyrosine phosphatase comprises a 
protein tyrosme pho.sphatase in which the wildtype protein tyrosine phosphatase catalvtie 
domain is mutated at an amino acid position occupied by a cysteine residue. In another 
embodiment the substrate trapping mutant protein tvrosine phosphatase comprises a protein 

20 tvrosine phosphatase in which at least one wildtype t>rosine residue is replaced with an 
amino acid that is not capable of being phosphorylated. In certain further embodiments, at 
least one wildtype tyrosine residue is replaced with an amino acid that is alanine, cv steine. 
aspartic acid, glutamine. glutamic acid, phenylalanine, glycine, histidine. isoleucine. lysine, 
leucine, methionine, asparagine. proline, arginine. valine or tryptophan, in another 

25 embodimem. at least one tyrosine residue that is located in a protein tyrosine phosphatase 
catalytic domain is replaced. In another embodiment, at least one tyrosine residue that is 
located in a protein tyrosine phosphatase active site is replaced. In another embodiment, 
the wildtype tvrosine residue is replaced with phenv lalanine. In certain other embodiments, 
the wildtype tyrosine residue that is replaced is a protein tyrosine phosphatase conserved 



residue. In certain lurtlier enihodiments. the consened residue corresponds to tyrosine at 
amino acid position 676 in human PTPIII. In another embodiment, at least one tyrosine 
residue is rephiccd with an amino acid that stahili/.os a complex comprising tlic protein 
t>rosine phosphatase and at least one substrate molecule. In another embodiment, the 
5 substrate trapping mutant protein tyrosine phosphatase is a mutated protein tyrosine 
phosphatase that is PITIB. l>Tl>-Pi;ST. PTIY MKP-1. Dl'P-l- PHV- I'T^Xl. PTPXIO. 
SHP2. PTP-Pi;/. P rP-Ml-Xil. I.C-I'IT. rC-in p. CI)45. LAR or PTPlll. 

Turning to another aspect, the invention provides a method for identifying 
an agent which alters the interaction between a protein t>Tosine phosphatase and a t>rosine 
10 phosphorylated polypeptide which is a substrate of the protein tyrosine phosphatase, 
comprising contacting, in the absence and in the presence of a candidate agent, a protein 
tNTOsine phosphatase and a detectably labeled tyrosine phosphorylated peptide which is a 
substrate of the protein tyrosine phosphatase under conditions and for a time sufficient to 
permit dephosphor> lation of the substrate b>' the protein t> rosine phosphatase, wherein the 
15 substrate is capable of generating a nuorescence energy signal: exposing the protein 
t>rosine phosphatase and the substrate to a reaction terminator molecule and thereby 
terminating dephosphorylation of the substrate: and comparing the lluorescence energy 
signal level of substrate which remains phosphorylated in the absence of the agent to the 
energy signal level of substrate which remains phosphor> lated in the presence of the agent. 
20 wherein a difference in the fluorescence energy signal level indicates the agent alters the 
interaction between the protein t>'rosine phosphatase and the substrate. 

In another embodiment, the present invention provides a method of 
identifying an agent which alters the interaction between a protein t>rosine phosphatase and 
a t>rosine phosphorylated polypeptide which is a substrate of the protein tyrosine 
25 phosphatase, comprising: contacting, in the absence and in the presence of a candidate 
agent, a protein t>rosine phosphatase and a detectably labeled tyrosine phosphorylated 
peptide which is a substrate of the protein ty rosine phosphatase under conditions and for a 
time suftlcient to permit dephosphorylation of the substrate by the protein tyrosine 
phosphatase, wherein the substrate is capable of generating a lluorescence energy signal: 



cxposine the pn^tcin tyrosine phosphatase and the substrate to a reaction terminator 
.iiolecule and thereby terminating dephosphoryh.tion of the substrate; and comparing the 
nuorescence energy signal level of si.bslrale which is depiiosphorylated in the absence of 
the agent to the energy signal kn el of substrate which is dephosphoryiated in tlie presence 
5 of the agent, wherein a difference in the lluorescenee energy signal lex el indicates the agent 
alters the interaction between the protein tyrosine phosphatase and the substrate. 

in certain embodiments, the lluorescenee energy signal le\el is a 
lluorescenee polarization signal level. In certain other embodiments, the detectably labeled 
tNTOsine phosphorylated peptide substrate and the reaction terminator molecule comprise an 
10 energy transfer molecule donor-acceptor pair, and wherein the lluorescenee energy signal 
level is a lluorescenee resonance energy transfer level. In certain further embodiments, the 
detectably labeled tyrosme phosphonlated peptide substrate comprises an energy transfer 
acceptor molecule and the reaction terminator molecule comprises an energ> transier donor 
molecule. In certain other further embodiments, the detectably labeled tyrosine 
15 phosphorylated peptide substrate comprises an energy transier donor molecule and the 
reaction terminator molecule comprises an energy transfer acceptor molecule. 

In another embodiment, the reaction terminator molecule is an antilmh 
specific lor phosphotyrosine and the step of exposing is subsequent to the step of 
contacting the PTP and the substrate. In certain embodiments the reaction terminator 
20 molecule is an antibody specific for a PTP substrate, an antibody speciilc for a PIP 
catalytic domain, a substrate trapping mutant protein tyrosine phosphatase, vanadate, an 
SH2 domain polypeptide, an IRSl P fB domain polypeptide, an she PH domain polypeptide 
or a non-antibody molecule that specifically binds to a tyrosine phosphory lated form of the 
detectable PI P substrate. In eeilain further embodiments the molecule that specificalh 
25 binds to a tyrosine phosphorylated form of the detectable substrate is an SI 12 domain 
polypeptide or a P I'P-Pll) domain polypeptide. 

It is another aspect of the invention to pro\ ide a method for determining 
dephosphorylation of a substrate by a protein tyrosme phosphatase, comprising contacting a 
protein ty rosine phosphatase and a detectable substrate of the protein t> rosine phosphatase 



under condiuons and for a tunc sumc.cnt lo pcrn.l dcphosphonla.u.n of the detectable 
substrate bv the protein tyr.suK- phosphatase to lonn a reaet.on n.ixture. where.n the 
detectable substrate eon.prises a detectably labeled tyrosine phosphorylaled peptide which 
is a substrate of the protein tyrosine phosphatase: exposing to the reaction n.ixture a 
S reaction terminator molecule: and determining the level of tyrosine phosphorylated 
substrate in the reaction tnixture by detectmg anisotropic motion of the substrate, and 
therefrom deten.ining dephosphorylation of the detectable substrate by the protein tyrosine 
phosphatase. 

in another aspect, the invention provides a method for identifying an agent 
U, that regulates dephosphorylation of a detectable substrate b> a protein t> rosine phosphatase, 
comprismg: contacting a proten. t>rosine phosphatase and a detectable substrate of the 
protein tvrosine phosphatase under conditions and lor a time suff.c.ent to pennn 
dephosphorvlation of the detectable substrate by the protein tyrosine phosphatase in the 
presence of a candidate agent to form a tlrst inconrplete reaction mixture, and in the 
,S absence of a candidate agent to torn, a second incomplete reaction mixture, wherein the 
detectable substrate con.pr.ses a detectabW labeled tyrosine phosphorylated peptide which 
,s a substrate of the protem tyrosu.e phosphatase: exposing to each of the tlrst and second 
incomplete reaction mixtures a reaction tern.nator molecule to form a tlrst complete 
reaction ,r.ixture and a second complete reaction n.ixture: and comparing the lexel ot 
-^0 tvrosine phosphorv lated substrate in each of the tlrst and second complete reaction m.xtures 
bs- detecting anisotropic n.ot.on of the substrate, and therefrom identifying an agent that 
regulates dephosphorylation of the detectable substrate by the protein tyrosine phosphatase. 
In certain embodinuMits the reaction termu.ator molecule is an antibody specitlc for 
phosphotvrosine and the step of exposing ,s subsequent to the step of contacting the P I P 
and the substrate. In certain embodu.ents the reaction terminat(,r molecule ,s an antibody 
specific for a PI P substrate, an antibody specific for a P I P catalytic domain, a substrate 
trapping mutant protem tyrosine phosphatase, vanadate, an SI 12 domain polypeptide, an 
IRSl P 11^ domain polypeptide, an she I'll domain polypeptide or a non-antibody molecule 
that specif.callv binds to a tyrosine phosphorylated form of the detectable P i i> substrate. In 
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certain enibodimc.Us the molecule that speeillcally binds to a tyrosine phosphorvlated lorni 
of the detectable substrate is an S1I2 domain polypeptide or a i'i l'-l>ll) domain 
polypeptide, in eertain embodiments the detectable substrate comprises a IliKM-ophore and 
anisotropie motion .s detected by lluoreseence polan/ation. In certam further embodiments 
i the lluorophore is tluorescein. rhodamine. Texas Red. Alexal-luor-.S94. .Alexal luor-488. 
Oregon Green. BODlPY-bL or Cy-5. In eertain other embodiments the substrate ccMiiprises 
a polypeptide sequence derixed from a protein that .s VCP. pl3(r'\ HCib receptor. p21() 
bcr:abl. MAP kinase. She. insulin receptor. Ick or f cell receptor zeta chain. 



s 



These and other aspects of the present invention will become evident upon 
reference to the following detailed description and attached drawings. In addition, various 
references are set forth herein which describe ,n more detaU certain aspects of thi 
in^ ention. and are therefore incorporated by reference in their entireties. 



BRli.l- DiiSCRlP l iON OF 11 11 DRA\VlN(iS 

5 , , ' l-igiire 1 shows a multiple amino acid sequence alignment of the catahtic 
■'domants of various PIPs. 1 he positions of amino acid residues of PIP 1 B that interact with 
substrate are indicated with small arrowheads, and the residue numbering at the bottom of 
the alignment corresponds to that for I'TPIB. Figs. 1A-11-: show a multiple sequence 
alignment of the catalytic domains of PFPs (SEQ ID NOS:I-35). Cytosolic eukaryotic 

20 PTPs and domain 1 of RP I Ps are combined into one group: domains 2 of RP I Ps are in a 
second group and the Yersinia PTP is in a third. Iun ariant residues shared among all three 
groups are shown in lower case. Inv ariant and highly eonserxed residues within a grot.p are 
shown in italics and bold, respectively. Within the Ycrsima PI P sequence, residues that 
arc either mvariant or highly conserved between the cytosolic and RP I P domain sequences 

25 are in italics and hok\. respectively. \ 

Figure 2 depicts binding' of Huorescein-labeled phosphotyrosyl peptide 
substrates to c>steinc-to-serme (CS) mutated PTP-IB. detected by fluorescence 
polarization. 



l iuurc 3 depicts binding of lluorcsccin-labolcd phospliolyrosN 1 peptide 
substrates to aspartate-to-alanine (DA) mutated I>I1>-1B. detected by lluoreseence 
|-)olari/ation. 

Figure 4 shows binding curves generated by tilraling candidate P 1 1> 
5 modulators tor their ability to alter binding of a nuorescein-labeled phosphotyrosyl peptide 
substrate to a substrate trapping mutant IMP: 1> 1 PI B-C21 5S (l ig. 4A): PfPllM)181A 
(I ig. 4B). 

f igure 5 shows lluoreseence polarization values plotted as a function of 
nuorescein-labeled phosphot> rosyl peptide substrate concentration, 
1 0 i igure 6 shows detection b> nuorescence polarization of P'f P- i B-mediated 

dephosphorylation of lluorescoin-labeled. phosphotyrosyl \:GV receptor peptide. 

f igure 7 shows detection of P I P-mediated dephosphorylation of 
tluoresccin-labeled. phosphot>rosyl IXiF receptor peptide by iluoreseence polarization in a 
PTP catahlie assa\ using several different reaction terminator molecules. 
15 f igure K shows detection of P I P-mediated dephosphorylation of 

nuorescein-labeled. phosphotyrosyl l-CiF receptor peptide by nuorescence polarization in a 
PIP calalvtic assa> using se\ eral dinerenl reaction terminator molecules. 

f igure 9 shows detection of P I P-mediated dephosphor> lation of 
nuorescein-labeled. phosphotyrosyl EGF receptor peptide by nuorescence polarization in a 
20 P I P catalytic assay using sex eral different reaction terminator molecules. 

Figure 10 depicts the results of high throughput screening of a small 
molecule library for candidate PTP modulators by lluoreseence polarization using a 
substrate trapping mutant PIP binding assay (F,g. lOA) and a PIP catalytic assav (i ig. 
lOB). 

25 l)l-: fAlI,l-;i) DI'SCRIPI ION OF fill- INVFN HON 

fhe present in%cntion is directed in part to compositions and methods for 
monitoring and regulating PIP actixity. including methods tor determining catalytic 
dephosphorylation of protein tyrosine phosphatase substrates, and for identitying the 
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lunnation of a complex hetwecn a l>TI' and a tyrosine phosphorylated I' IP substrate. In 
particular, the invention relates {o assays for identilyinii agents uhich alter, e .t: . enhance or 
inhibit, the interaction betueen a P I P and its phosphorylated substrate. .Agents idenlitled 
by tiiese assays can be agonists (('.,«.'.. agents which enhance or increase the acti\ily ot the 
5 P I P) or antagonists {c.f^.. agents which inhibit or decrease the activity of the P I P) ot P I P 
acli\ it\ . I he agent may be an endogenous physiological substance or may be a natural or 
synthetic drug, including an organic small molecule as pro\ ided herem. 

I he invention thus pertains in part to the surprisingly sensitive and versatile 
screening assay configurations provided by combining P I P and tluorescence energy signal- 
10 based technologies to determine P I P-substrate complex formation and/or PTP-mediated 
catalytic dephosphorylation of a tyrosine phosphorylated substrate. I he inx ention provides 
improNcd assays to identity agents that alter P TP-substrate interactions and related 
adxantages. l or example, screening assays disclosed herein may be designed to select 
against agents that interfere with I'TP activity by chemical reactions that result in the 
l.S formation of a coNalent chenncal bond to a PIP molecule {c.;^.. PIP eatahtic d<Mnain 
i.nariant cysteine). Other advantages offered b> the methods and compositions prox ided 
herein include screening assays for PTP-acliNc agents that do not require the use of 
radionuclides, that are adaptable lo high-throughput screening tormats. and that do not 
require solid-phase immobilization of assa> components or the separation of free solutes 
20 from tho.se involved in intermolecular binding interactions. 

Thus, according lo certain embodiments of the present invention. PIP- 
specitie phophotyrosine-containing peptides may be tluorescently labeled and used as 
substrates and/or ligands for PTPs in assays that provide simple, rapid and sensitive 
measurement of en/yme aelixily or substrate binding using fluorescence {CAi.. Iluorescence 
25 polarization) detection. For example, the assa> of PIP enzyme catalytic actiN il> described 
herein prox ides improved sensitivity, permitting the use of less enzyme. In this assay, the 
selection of phosphopeplide substrate and. in particular, the absence of a reaction 
terminator molecule at the initiation of the reaction {ca^.. an anti-phosphotyrosine antibody: 
cf. \\ ()98/189.S6) provide a greater maximum detectable signal while emplo>ing lower 
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concentrations of each component. These features render the assa> suilable lor lou cost, 
rapid and sensitixe assays sucli as liigh throughput screening, and offer other related 
adN antages. In eertain cUher embodiments, tiie P I P binding assa> of the present inx ention 
proxides simplified tluorescence {c.i^.. Iluorescence polarization) detection of PIP- 
suhstrate binding using, for example, a substrate trapping mutant P IT that may have a 
substituted PTP catalytic domain iinariant cysteine residue (c.i,', a C'S mutant or a CA 
mutant) or a substituted PTP eatahtie domain invariant aspartate residue (c^, a DA 
mutant), and optionally a substituted vvildtype IMP tyrosine residue. Ihe PIP binding 
assays disclosed herein do not require a radioactive ligand or other certain specialized assay 
components such as a fusion protein and an antibody speeifie for the fusion pn^tein. or a 
solid-phase adsc^rbent such as a solid-phase detection component (c/, \V()98/2()L56). 

In certain embodiments provided herein. P I P-substrate coinple.x formation 
may be determined by detecting the presence of a complex comprising a substrate trapping 
mutant PTP and a detectably labeled tyrosine phosphorylated peptide. I his phosphopeptide 
is a substrate of the PIP and is capable of generating a tluorescence energy signal. As 
described in greater detail below, nuorescencc energy signal detection, for example by 
Iluorescence polarization, provides determination of signal lex els that represent formation 
of a P I P-subslrate moleeular complex. Aecordingly. and as disclosed herein, lluorescenee 
energy signal-based comparison of PTP-substrale complex formation in the absence and in 
the presence of a candidate agent provides a method ior identifying whether the agent alters 
the interaction between a P f P and its substrate. 

As noted abo\e. the invention also pertains in part to tluoreseence energx 
signal-ba.sed determination of PfP-mediated catalytic dephosphorylation of a tyrosine 
phosphorylated substrate. In some embodiments, therefore, the invention relates to 
catalytic assays wherein a PTP and a detectably labeled tyrosine phosphorylated peptide 
substrate of the PTP are eontacted to permit dephosphorylation of the substrate by P 11'. 
This phosphopeptide is a substrate of the P I P and is capable of generating a Iluorescence 
energy signal. Dephosphorylation is terminated by exposure of the enzyme-substrate 
reaction to a reaction terminator molecule as provided herein, and Iluorescence energy 



si.nal-bascd dctonniiuU.cn of rcactant (c.i,.. phosphor) lalcd substrate) and/or product 
dcphosphor>hUcd substrate) is pcrtonned. l-luoreseeuec cneruv signal detection ma) be. 
lor example, by tluoreseence polarization or by tluoreseence resonance energs transter. or 
by other Htic.reseence nnnhods known in the art. hor instance, by way of illustration and 
not limitation, in certain embodiments the reaction terminator molecule forms a complex 
with ph..sphor>iated (c.^.. non-hydroly/xd) substrate and a kxd of lluoresccnco 
polarization signal generated by phosphorylaled substrate is determined. In certain other 
embodiments, for example, the level of fluorescence polarization signal generated by 
dephosphorvlated substrate is determined. As an example of certain other embodiments, 
the detectabh labeled substrate and the reaction terminator molecule may comprise an 
energy transfer ntolecule donor-acceptor pair, and the level of tluoreseence resonance 
energy transter trom energy donor to energy acceptor is determined. 

As defined herein, a phosphatase is a member of the FTP iumiiy U' it 
^ c;nuuns the signature motif [I/VlHCXAGXXRfS/TK- (SF.Q 11) N():l). Dual specificity 
PIPs. /.c . IMPS which dephosphoiNlate both phosphorylated tyrosine and phosphorx lated 
serine or threonine, are also suitable for use m the un ention. Appropriate P 1 Ps for use in 
ihe present i.nent.on ma> be any P I P famil> member including, but not limited to. 
PIPlB. PlP-Pi;ST. PTPy. MKP-1. DlllM. PTl^. PlPXl. PIPXIO. S11P2. I>1P-P1-:/- 
PTP-MHCil. l-C-PfP. IC'-PIP. CD45. 1,AR and PfPllt. and mutateH forms therei^f 

The present invention is also directed in part to the use of substrate trapping 
mutant protein tyrosine phosphatases (P fPs) derixed from a P I P that has been mutated in a 
manner that does not cause significant alteration of the Miehaelis-Menten constant (Km) of 
the enzA me. but which results in a reduction of the catah tic rate constant (Kcat). In certain 
embodiments, the P fP catalytic domain invariant aspartate residue ma> be replaced with 
another amino acid. In certain other embodiments, the substrate trapping mutant Pfl' may 
be mutated b> replacement of a catalytic domain cysteine residue. I Inder certain conditions 
i„ vho. a P I P enzyme may itself undergo tyrosine phosphorylation in a manner that can 
alter interactions between the P I P and other molecules, including PIP sub.strates. 1 hus. ir. 
eertain embodiments the substrate trapping mutant PfP ma> be further mutated by 
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replacement of at least one tyrosine residue with an amino acid that is not capable of being 
phosphorylated. Substrate trapping nuitant P iPs are disclosed, lor example, in I i.S. Patent 
Nos, 5.912.138 and 5.^51.^79 and in U.S. Application No. 09/.V>4.575. 

As nmcil above, substrate trapping nnKant PTPs arc derived troni wikllH^c 

'''5' 

5 PTPs that hixyc been mutated such that the wildtype protein tyrosine phosphatase catalytic 
domain invariant aspartate residue is replaced uith an amino acid which does not cause 
significant alteration of the Km of the enzyme but which results in a reduction in Kcat to 
less than 1 per minute. Optional!) . a catalytic domain cysteine residue is also replaced with 
a different amino acid, and/or at least one wildtype l>rosine residue is replaced with an 
1 0 amino acid that is not capable of being phosphor> iated. In this regard, amino acid sequence 
analysis of known PTPs reveals the presence of twenty seven invariant residues within the 
PI P primary structure (Barford et al.. 1 W Sacncc 26J:1.397-!4()4: .lia ct af. 1995 Science 
26,V: 1754-1 758). including an aspartate residue in the cataKtic domain that is inxariant 
among P I P family members. W hen the amino acid sequences of multiple PTP lamily 
1 5 members are aligned (see. for mslanee. figure 1 AT- in I ^ S.A.N. im^ASlS: see also. . 
Bartbrd et al.. 1995 Xalurc Slnicl. liml 2; 104.3). this invariant aspartate residue may be 
readily identified in the catal.Mic domain region ol' each P I P sequence at a corresponding 
position relative to the P I P signature sequence ntotif |l/VlllCXA(iXXRlS/ 1 |(i (Sf.Q II) 
N():2). which is inNariant among all PTi>s (see. e.g., W()98/04712: Flint et a!.. 1997 Proc 
20 Nal. Acad Sci. 94:1680 and references cited therein). However, the exact amino acid 
sequence position numbers of catah tic domain inx ariant aspartate residues nia> be different 
from one IHP to another, due to sequence shifts that ma>- be imposed to maximize 
alignment of the v arious P I P sequences (see. e.g., Barford et a!.. 1995 Xulure Slna r Biol. 
2:1043 for aifaltgnmenr of \ arrurnrP fP sequeuce^). 
25'' In particular, portions of two P I P polypeptide sequences are regarded as 

••corresponding" amino acid sequences, regions, fragments or the like, based on a 
conN ention of numbering one PTP sequence according to amino acid position number, and 
then aligning the sequence to be compared in a manner that maximizes the number of 
amino acids that match or that are conserved residues, lor example, that remain polar (e g.. 
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I). I- K. R. II. S. T. N. O). hydrophobic . A. P. V. 1,. 1. M- l'. W- \)or neutral (e.g.. C 
(,) residues at each position. Similarly, a DNA sequence enccKhn. a candidate I' TP that is 
to be ntutated as prcn ided Iterein. or a portion, region. IragnK-nt or the like. nta> correspond 
to a known wUdtype PTP-encoding DNA secuence accordnig to a convention lor 
nun.bcrn.g nucle.c ac.d sequence positions in the known wildtype PT1> DNA sequence, 
whereby the candidate P I P DNA sequence is aligned with the known P I P DNA such that 
at least 70%. preterabh at least 8()"/o and ttiore prelerabiN- at least <n)% oi the nucleotides in 
a gixen sequence ofat least 20 consecutive nucle.mdes of a sequence are identical. 

In certain preferred embodiments, a candidate P 1 P-enc(Kling DNA sequence 
is greater than 95% identical to a corresponding known PTP-encoding DNA sequence. In 
certain particularly preferred embodiments, a portion, region or frag.iient of a candidate 
PI |> DNA sequence is identical to a corresponding known PIP DNA sequence. As ,s well 
kmnvn in the art. an individual whose DNA contains no irregularities a common or 
prexalent fornt) in a particular gene responsible for a given trait ma>- be sa.d to possess a 
wildtNpe genetic complement .genol>pe) lor that gene, while the presence of irregularities 
kiKwvn as mutations in the DNA tor the gene, for example, substitutions, insertions or 
deletions of one or more nucleotides, indicates a mutated or mutant genot> pe. 

As noted aboNC. in certain embodiments of the present inNcntion there is 
proMded a substrate trapping mutant PTP in which catalytic domain invariant aspartate and 
at least one tyrosine residue are replaced, as provided herein, identification of the catalytic 
domain in^•ariant aspartate residue in PTP sequences other than those disclosed in liarford 
et al. (1995) mav be achieved by comparing sequences using computer algorithms well 
known to those having ordinary skill in the an. such as Cil-:NFAV()RKS. Align or the 
m.ASl algorithm (Altschul. ./ AM Biol. 219:^55-5(^5. 1991: llenikoff and Henikolf. 
Prac. Sail. Acad Sci USA .S'V: 109 15- 1 09 19. 1992). which is aN ailable at the NCT^l website 
(http://www/ncbi.nlm.nih.goN/cgi-bin/BLASr). Other sequence alignment algorithms, 
with which those hax ing ordinary skill in the art will be familiar, may also be used. 

I hus. substrate trapping mutant P I Ps retain the ability to form a complex 
with, or bind to. specifically recognized tyrosine phosphorylated substrates, but are 



catalytically attenuated (/ ... a substrate trapping mutant PTI' retains a similar Km to that of 
,he eorrespondinu u ildt> pe 1>T1'. but has a Vmax whieh ,s reduced by a taelor of at least 
10-- 10^ relatixe to the wildt> pe en/yme. depending on the activity of the uildlype en/.>me 
relatiN e to a Kcat of less than 1 mm ' ). This attenuation mcludes catalytic activity which is 

5 either reduced or abolished relative to the wildtype i>Tl'. l or example, the PTP catalytic 
domain invariant aspartate residue can be changed or mutated to an alanine, x aline, leucne. 
isoleucine. proline, phenylalanine, tryptophan, methionine, ghcine. serine, threonine. 
c> steine. tyrosine, asparagine. glutamine. lysine, arginine or histidine. In one embodiment, 
the invention relates to the phosphatase FTPIB in which the aspartate residue at position 

10 181 is replaced with alanine (1)181 A). In another embodiment the inNcnlion relates to the 
phosphatase PTP-Pl-ST in which the iinariant aspartate residue at position 19^) is replaced 

with an alanine (DIWA). 

The preterred substrate trapping mutant PTPs described herein, in which the 
nn ariant aspartate residue is replaced with an amino acid which does not cause significant 
1 .S alteration ol" the Km (^l' the en/> me but which results in a reduction in Kcat to less than 1 
per minute (less than 1 min ' ). and in which, optionally a catahtic domain c>steine residue 
,s replaced and'or at least one tyrosine residue is replaced with an amino acid that is not 
capable of being phosphor) lated. may further comprise other mutations. In parlicularh 
preferred embodiments, such additional mutations relate to substitutions, insertions or 
20 deletions (most preferably substitutions) that assist in stabilizing the P I P/substrate 
complex. For example, mutation of the serine/threonine residue in the signature motif to an 
alanine residue (S/T->A mutant) may change the rate-determining step of the P IP- 
mediated substrate dephosphorylation reaction. For the unmoditk-d P I P. formation of the 
transition state may be rate-limiting, whereas in the case of the S'l^A mutant, the 
25 breakdown of the transition state may become rate-linuting. thereb> stabilizing the 
P fP/substrate complex. Such mutations may be valuably combined with the replacement 
ot the P I P catalytic domain invariant aspartate residue, replacement of catahtic domain 
ey.steine and./or the replacement of PIP tyrosine as provided herein, for example, with 
reuard to stabilizing the PTP-substrate complex and facilitating its isolation. 1 bus. another 



cnhodinK-nt of the .nvcntu.n relates to a PTP-l'l-S T phospltatase ,n wliieh the e>steine 
■ esKlue at position 231 is replaeed with a serine (('2^. IS). As another example, substitution 
oi-anv one or n.ore other an.uto ac.ds present in the wild.> pe l'Ti> that are eapable of being 
phosphorylated as provided herein serine, threonine. t>rosine) with an amino aeid that 
is not eapable of being phosphor> lated ma> be desirable, with regard to the stabilit> of a 

PTP-substrate eomplex. 

In eertain other embodiments, therefore, the PI P is a mutated PTi' (c' .i: . 
Plp.piiST) phosphatase in whieh the e>steine found in the eorresponding wUdtype 
sequenee is replaeed with serine and. optionally, at least one wildtype tyrosine residue is 
replaced with an amino aeid that eannot be phosphorylated. Without wishing to be bound 
bv anv particular theory. PTPs in which wildtype cysteine residues - and in particular 
eatalvtic domain cysteines - are present, may be inactnated by candidate agents in 
screening assays for agents that regulate i>TP binding and'or catalytic actiN ity. In mam 
cases, such candidate agents may be cysteine-reactive compounds and not specific PTP 
reuulators. , ... chemically reactive speces that covalenth modify cysteine and or adjacent 
residues, but that do so stoichiometrically and without selectivity for PTP proteins or 
polvpeptides. I he inlluence of such coxalent modification on PTP-substrate interactions 
. altered capacity for reversible eontplex formation, altered catalytic dephosphorylation 
of substrate) may therefore lead to the identification of agents that appear to alter the 
interaction between a PTP and its substrate, but which are in fact "false positives- that 
merely react with available cysteine, in particular catalytic domain cysteine. By disclosing 
the use of cvsteine-substituted PTPs in the present invention, there is prov ided a method for 
identilVing an agent which alters the interaction between a PTP and a tyrosine 
phosphorylated polypeptide wherein the site lor non-specific covalem modification of the 

l^TP hv the agent has been eliminated. 

^ As noted above, the present invention prov ides substrate trapping mutant 
PTPs in which catalytic domain invariant aspartate, catalytic domain cysteine and/or at least 
one tvrosine residue are replaced, wherein the tyrosine is replaced with an amino acid that 
,s not capable of being phosphorylated. The amino acid that is not capable of being 
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phospl^onlated mav. .n preferred c.bodunonts. be alan.ne. cysteine, aspartie acd. 

„,utam,ne. ulutamie aeal. phenylalanine, glyen.e. ImtuHne. .soleueuK-. Ivsuk-. leue.ne. 

;.c,h.onn.e. asparagn.e. proHne. ar.in.ne. vaHne or tryptophan. The desnab.Hty cd the 

nrosine replaeen.ent der.ve. Iron, the observat.on that under eertaut eondit.ons r.ro. a 
S PTP enzvnie mav Uself undergo tyrosnte phosphorylation in a manner that can alter 
interactions between the l>Ti> and other molecules, includ.nu P I P substrates (Zhang et al.. 
1990 ,/. Biol. Chen, 274:17K()6). Thus, replacement of a tyrosine residue found m the 
wi,dt^pe an.no acid sequence of a particular P TP with another amuto acui as prov ided 
herein stabihzes a con.plex formed by the subject invention substrate trapping mutant PIP 
1 0 and a P I P substrate when the amount of complex that .s present and 'or the affinity ol the 
,n,ant P'f P tor the substrate increa.ses. relatn e to complex tormation usntg a PIT i.t which 

the t\ rosine residue is not replaeed. 

Preterablv the tyrosine residue is located in the PTP eatalytic domain, which 
peters to the approxm.ately 250 antino acid region that is highly conserved among the 
1. ^arious P ITs. as noted above (see also. , Barford. Ann Rcr. Biophys. Hu.uoi 
Sn-uc, 27:12.3: ..ia. l')')7 /Wn.. (V// Biol 75:17: Van Vactor et al.. U)98 Curr Opn. 
Unu, Dnrl. H:112) More preterably. the tyrosu.e resalue is located nt a PI P act.ve s,te. 
.vhieh relers to the region with.n the PI P catalytic domam that contains the PIT signature 
,,,,,-and which also includes those amino ac.ds that form the P f P binding site pocket or 
.() •■cradle" lor substrate binding and dephosphorylation. further including the invar.am 
aspartate-contaming loop (when present) and adjacent peptide backbone sequences that 
contribute to substrate recognition and catalysis (see. e.o. Jia. 1997). In other preferred 
en.bodiments. the tvrosine residue is a PTP conserved res.due. which includes tyrosine 
residues that are prese.U at corresponding positions within two or more P I P anm.o acid 
OS sequences relativ e to the position of the signature motif. In other preterred embodiments, 
the tyrosine residue is replaced with an amino acid that stabilizes a contplex formed by the 
P f i' and at least one substrate molecule, as provided herein. 

,n a most preterred embodimem. the tyrosine residue is replaced with 
phenylalanine, and in another most preferred embodiment, the tyrosine residt.e is a 
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rvcd rcsKluc thai corresponds to the t>rosinc situated at position (.76 ,n the an.ino acid 
sequence of human 1>TI'I11. and uh.ch also corresponds to the amnio acd residt.e at 
posu.on 46 in the PTP-IB sequence (see. c,.. I tgure 1). Hence, in certain particularly 
prelerred embodiments, the IM P is PTPIH haxnig the in^arianl aspartate replaced h> 
. alantne and the tyrosuK at posh.on 676 replaced by phenylalanine. PTPHK Y6761.DK1 1 A). 

It should be recognized, ho^ve^er. that mutant l>TPs other than those 
specH-tcallv described herein can readily be made by aligning the ammo acd sequence of a 
,>1 P catalvtic domain with the amino acd sequence of P f Ps that are descr.bed herein 
(HKluding those proxtded by the cted references). identUying the catalytic domatn 
,0 in^ariant aspartate residue and. optionally, at least one eatalyt.c domain cysteine residue 
anda.r at least one tyrosine residue, and introducing amino acd substitufons at these 
residues, for example by site-directed mutagenesis of DN.A encoding the P I P. 

Modification of DNA may be performed by a variety of methods, including 
site-specific or site-d.rected mutagenesis of DNA encoding the P IT and the use of DNA 
IS amplification methods tismg primers to introduce and amp!if> alterations ,n the DNA 
template, such as I>CR splicing by overlap extension (SOla Site-directcd mutagenesis is 
tvpicalh eiTected using a phage vector that has single- and double-stranded forms, such as 
M13 phage vectors, which are uell-known and commercially aNailable. Other suitable 
xeelors that contain a single-stranded phage origin of replication may be used (see. e.^. 
20 Veira et al.. Me,h. Enzymol 15:3. 1987). In general, site-directed mutagenesis is performed 
bv prepan... a single-stranded x ector that encodes the protein of interest . a member of 
the PTP family). An oligonucleotide primer that contains the desired mutation within a 
reuion of homoU.gy to the DNA in the single-stranded ^ector is annealed to the ^ector 
roUowed by addition of a DNA polymerase, such as E col, DNA polymerase 1 (Klenow 
.S fragment), which uses the double stranded region as a primer to produce a hetere)duplex i.i 
which one strand encodes the altered sequence and the other the original sequence. 
Additional disclosure relating to site-directed mutagenesis may be tound. ior example, m 
Kunkel et al. iMe,lu>J.s ,n Enzunol. 154:}(.l. ml): and in IKS. Patent Nos. 4..^18..S84 and 
4.7.17.462, fhe heteroduplex is introduced into appropriate bacterial cells, and clones that 
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MKludc ihc desired mutal.on are selected. The resullmg altered DNA .m.ieeules niav be 
expressed reeonibinantly in apprcM^iate host eells I.) prculuee the .nodif.ed protein. 

Specific sub.stitulions of individual amino acids through introduction ol sitc- 
dirccled nuilations are well-known and may be made according to methodologies with 
5 which those having ordinary skill in the art will be tamtliar. The elTects on cataktic 
activity of the resulting mutant PIP may be determined empirically merely b> testing the 
resulting modified protein tor the preserv ation of the Km and reduction of Kcat to less than 
1 per minute as provided herein and as previously disclosed {c.^.. W()98/04712: Mmt et al.. 
1997 Proc. \al^ Acad Sci 94:1680). I he effects on the ability to tyrosine phosphorylale 
10 the resulting mutant P I P molecule can also be determined empirically merely by testing 
such a mutant for the presence of phosphot> rosine. as also prov ided herein, for example, 
following exposure of the mutant to conditions //; vilro or /// vivo where it may act as a PI K 
acceptor. 

Although specific examples of PTP mutants described herein include DA 
15 (aspartate to alanine) mutants. \l (t>rosii.e to phen> lalanine) mutants. C'S mvitants and 
combinations thereof it will be understood that the subject invention substrate trapping 
niutant P I Ps are not limited to these amino acid substitutions. The inv ariant aspartate 
residue can be changed, for example by site-directed mutagenesis, lo anv amino acid that 
does not cause significant alteration of the Km of the enzyme but which results m a 
20 reduction in Kcat to less than 1 per minute (less than 1 min ' ). For example, the invariant 
aspartate residue can be changed or mutated to an alanine, valine, leucine, isoleucine. 
proline, phenylalanine, tryptophan, methionine, glyeine. serine, threonine, cysteine, 
tyrosine, asparagine. glutamine. lysine, arginine or histidine. or other natural or non-natural 
amino acids known in the art including derivatives, variants and the like. Similarly. 
25 substitution of at least one tv rosine residue may be with any amino acid that is not capable 
of being phosphory lated (i.e.. stable, covalent modif.cati(.n of an amino acid side chain at a 
hydroxvl with a phosphate group), for example alanine, cysteine, aspartic acid, glutamine. 
glutamic acid, phenylalanine, glycine, histidine. isoleucine. lysine, leucine, methionine. 



tspara.inc. proline, aru.nine. valine or irvptophan. or other natural or n..i-naU.ral amino 
Is known in the art ineluding derivatives, variants and the like. 
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S In preferred emhodimenls. a FTP substrate may be any naturally or non- 

naturally tyrosine-phosphorylated peptide, polypeptide or prcUein that ean speeilkally bind 
,0 and/or he depho.sphorylated hy a I'TP as pro^ided herein. Non-li.niiing exan.ples of 
known FTP substrates inelude the proteins VCP (see. e.,.. Zhang et al.. 1^^)^) Biol. C 'hem. 
274:17806. and references eited therein). pl30^"\ VGV receptor. p210 bcr:abl. M.'\P kinase. 
0 She (Tiganis et al.. 1W8 Mol. Cell Biol 18:1 622-1 6.U). insulin receptor. !ck (lymphocyte 
speciHe proteni tyrosine ki.iase. Marth et al.. 198.5 ( V// 43:.V)3). and T cell receptor zeta 
chain. As another example. l>rosine phosphotylated peptides identitled with mutant P 1 P-S 
from peptide libraries by the methods of Songyang et al. (1995 Sal we ri:536-539 : 1993 
( V// -2:767-778) ean be used herein in place of the complete tyrosine phosphorylated 
5 protem in P I P binding and/or catalytic assays. Opt.onalh. candidate peptide sequences 
rna> be selected and optimized lor dephosphorylation or binding actixit> as described 
hcrem using other techniques such as affinity selection followed by mass spectrometric 
detection ie.^,.. Pellegrini et al.. 1998 Bwchen,. 37:15598: lluyer et al.. 1998 .1/.//. 
Bioclwm. 258:19) or by "inverse alanine scanning" (..,, . Vctter et al.. 2000 ./. Biol Chem. 
20 275:2265). In certain particularly preferred embodiments, a PIP substrate is a tyrosine 
phosphory lated peptide, which may include a partial amino acid sequence, portion, region, 
fragment, variant, derivatixe or the like from a naturally or non-naturally t>roslne- 
phosphor>lated peptide, polypeptide or protein that can specillcally bind to and/or be 
dephosphorylated by a P I P. A PIP substrate that is a tyrosine phosphorylated peptide 
25 typically co.nprises 2-100 amino acids, preferablv 2-50 amino acids, more preferabh 2- 25 
amino acids, still more preferably 2-15 amino acids and most preferably 2-10 a.nino acids. 
In certain other embodiments, a PTP substrate may comprise a phosphotyrositie residue 
ha\ inu an attached tluoreseent label. 
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Idontiricalion a.id sclcclion oi I'TP substrates as prcnided herein, tor use in 
the present in^ention. nta> be perlonned aeeording to procedures witit uh.ch those haxinu 
ordinary skill in the art will be tantiliar. or may. tor example be conducted accordm, to the 
disclosure of li.S. Application Number 09/334.575 and references cited therein. Ihe 
phosphor^lated protein/Pl P complex may be isolated, tor example, by conxcntional 
isolation techniques as described in U.S. I>atent No. 5.352.660. including salting out. 
chromatography, electrophoresis, gel filtration, tractionation. absorption, pohacrylam.de 
gel electrophoresis, agglutination, combinations thereof or other strategies. P I P substrates 
that are known may also be prepared according to well known procedures that employ 
prmciples of molecular biology and'or peptide synthesis .At.subol et al.. 1903 Cunrnl 
Protocols in Molecular Biology, (ireene Publ. Assoc, Inc. & .lohn \\ile> & Sons. Inc.. 
Boston. MA: Sambrook et al.. 19S9 Molecular Clon.n,. Second I d.. ( old Spring Harbor 
Laboratory. Planniew. NY: Fox. 1995 Molec. Buuech.ol 3:249: Mae,i et al.. 1995 Pep'- 
Res. 8:33). 

; The PIP substrate peptides of the present iuNcntion may thereiore be 

derived trom P I P substrate proteins, polypeptides and peptides as proxided herein haxing 
annuo acd sequences that are identical or similar to tyrosine phosphorylated PIP substrate 
sequences known in the art. f or example by way of illustration and not limitation, peptide 
sequences derixed from the known PTP substrate proteins referred to above are 
0 contemplated tor use according to the instant inx ention. as are peptides hax ing at least 70% 
similarilv (prcterabh" 70% identity ). more preferably 90% similant> (more preferably 90-o 
identity) and still more preferably 95% similarity (still more preterably 95% identity) to the 
polvpeptides described m references cited herein and in the l-xamples and to portions of 
stieh polypeptides as disclosed herein. As known in the art -similant)- between two 
5 polvpeptides is determined b> comparing the amino acid sequence and conserxed amino 
acid substitutes thereto of the polypeptide to the sequence of a second pol.Npeptide (. ,', 
using (ii;NlA\()RKS. Align or the BLASl algorithm, or another algorithm, as described 
abo\c). 



Thus, according to the present unenfon. substrates ma> incltide full length 
tvrosine phosphor> lated proteins and pohpept.des as vsell as iragn.ents port.ons). 
derivati^es or analogs thereol' that ca,i he phosphorylaled at a t>.osine residue. Such 
fragments. derivattNCS and analogs i.KhKie a.n P 11' st.hstrate pc.lypept.de that retatns at 
5 least the biolog.cal lunction of interacting whh a PT P as prox ided hereui. lor example by 
lormtng a complex with a P IP and'or. in certain embodiments, t.ndergoing PTP-cataly/ed 
dephosphor>lation. A fragment, der,^ative or analog of a pept.de. protein or polypepfde as 
provided herein, including a PIP substrate polypeptide, and further including PIP 
srtbstrates that are fusion proteins, .nay be (i) one m which one or more of the am.no acid 
1 0 residues are subst.tuted with a co..serx ed or non-conserved a.nino acid residue ( p.eferably a 
co.iserved amino acid residue), a.ul such substituted a.m.to acid residue may or may not be 
one encoded by the genet.c code, or (..) o..e .n .h.ch o.te or more of the amino acd 
residues uicludes a subst.tuent group, or (.i.) one in which the substrate polypeptide ,s 
fused with another co.,ipou.ui. such as a co.npound to i.tcrease the half-life of the 
, S polvpeptide (..,.,. pohethylcte gUcol, or a detectable mo.et> such as a repo.1er ,n<.lecule. 
or (i^ ) one i.t which additional amino acids are fused to the substrate polypept.de. includ.ng 
an.no ac.ds that are employed lor pur.f.catio.. of the substrate polypeptide or a proprotein 
sequence. Such Iragn.enls. der.^ati^es a.id a.talogs a.e dee.ned to be w.lh.n the scope of 

those skilled in the art. 

In preferred embodiments the PIP substrate is detectably labeled, and in 
particularK- p.elerred embodiments the PTI> st.bstratc is capable of generatt.ig a 
tluoreseence energy signal. The P fP st.hstrate can be detectably labeled by coNulently or 
noivcoN ulentlv attaching a suitable reporter .uolecule or moiety, for example any of x arious 
nuoreseetn .nater.als (..,,.. a nuoropho.-e) selected accord.ng to the particular tluoresccee 
OS eneruv technique to be e.nployed. as known in the art and based upon the present 
disclosu.-e. fluorescent reporter .noieties and methods for labeli.ig PTP st.bstrates as 
provided herein can be found, lor exa..ple ..t Ilaugland (19.6 HanJhook of Huorcsccn, 
Prohcs aud Research Chenucals- S.,h Ed.. Molecular Probes, fu.gene. OR: l^^^ 
UandHook of Fluoresce., Frohes and Research ( ■l,en,icals- Seren.l, FA. Molecular Probes. 



Kugcnc. OR. hltp://www.pmbcs.com'lit/) and in rclercnccs cUod therein. l>arlicularl> 
prdcned lor use as such a tluoropli.re the subjeel invention niethods are lluorescein. 
,hodan.ne. Texas Red. Alexal luor-.S'U. Alexal-luor-48H. Oregon Creen. BODIl'Y-i 1, or 



CA-5. 
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m.ij()rF:SCi:ncu i:Ni;R(iY skinals 

As provided herein, a lluorescenee energ> signal ineludes any Huorescenee 
emission, exeitation. energy transfer, quenching or dequenching event or the like. 
1 ^picallv a nuoreseence energy signal may be mediated by a tluoreseent deteetabl> labeled 
10 tvrosine phosphor>lated 1>TR substrate peptide in response to light of an appropriate 
wavelength. Brietly. and without wishing to be bound by theory, generation of a 
lluorescenee energy signal generally nn olves excitation of a lluorophore (..,., a lluorescent 
detectably labeled I' l P substrate) by an appropriate energy source {e.^.. light of a suitable 
wavelength for the selected fluorescent reporter moiety, or lluorophore) that transiently 

IS raises the energv state of the lluorophore from a ground state to an excited state. Ihe 
excited lluorophore in turn emits energ> in the form of detectable light typically having a 
different (..,,.. usually longer) wavelength from that u.sed for exeitation. and iit so doing 
returns to its energetic ground state. I he methods of the present inv ention contemplate the 
use of anv lluorescenee energy signal, depending on the particular lluorophore, substrate 

20 labelmu method and detection instrumentation, which may be selected readily and without 
undue experimentation according to criteria with which those having ordinary skill in the 
art will be familiar. 

In certain part.cularh preferred embodiments of the instant invention, the 
lluorescenee energy signal is a fluorescence polarization (bP) signal. In certain other 
^S partieularlv preferred embodiments of the present inx ention. the lluorescenee energy signal 
,.av be a lluorescenee resonance energy transfer (HRI: D signal. In certain other preferred 
embodiments the lluorescenee energy signal can be a lluorescenee quenching (FQ) signal 
or a lluorescenee resonance spectroscopy (FRS) signal. (For details regarding Fl>. FRi: 1 . 
F'O and FRS. see. tor example. \V097 '39326: mm'2W: llaugland. Humlhook at 



rnu.resccn, I'rolu. and Research CkM-f.k lA. Molecular Probes. Inc. 

OR. p. 456: and relercnces cited tbereni.) 
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1>T!> BlNDINCi ASS.XY 

, As noted ahn c. the present invention exploUs the substrate trapping mutant 

P I Ps described herein to provide a method of identit> ing an agent which alters the 
interactions between a P I P and a tyrosine phosphorylated polypeptide which is a substrate 
of the P ri>. I he binding interaction between a PTP and a PTP substrate may result in the 
ton.at,on of a complex, which reters to a specific intermolecular association that results 
0 rronr an affinity interaction between a P I P and a suitable P I P substrate as pros ided herein. 

A PTP-substrale complex ma> be identified by any oi' a variety ol 
techniques known in the art lor demonstratnrg an intermolecular u.teraction between a PIP 
and a P I P substrate as described ahose. tor example, co-purif.cation. co-precipitation, co- 
i^munoprecipitation. radiometric or fiuorimetric assa>s. western immunoblot analyses. 
5 affin.tv capture UKludmg alTmity techniques such as solid-phase ligand-counterl.gand 
sorbent techniques, affinity chronratograph> and surface affin.ty plasmon resonance, and 
the like (see. c..,-. U.S. Patent No. 5.352.660). Determination of the presence of a 
PTP/subslrate complex nray employ antibodies, mcluding monoclonal, polyclonal, chimeric 
and single-chain antibod.es. and the like, that specifically bind to the PIT or the tyrosine 

20 phosphor) lated protein substrate. 

l abeled P l Ps and/or labeled tyrosine phosphorylated substrates can also be 
used to detect the presence of a complex. The P IT or phosphors lated protein can be 
labeled bv covalently or non-cox alently attaching a suitable reporter molecule or moietv. 
for example an> of sarious enzymes, tluorescent materials, lummescent materials and 
radioactive materials. f:xamples of suitable enzyuK-s include, but are not lim.ted to. 
horseradish peroxidase. b.otin. alkaline phosphatase. (Halaetosidase and 
acctxicholinesterase. i:xamples of suitable fiuorescent materials include, but are not 
,,„.ited to. umbelHferone. tluorescein. tluorescein isoth.ocyanate. rhodamine. 
d.chlorotriazinylamine tluorescein. dansyl chloride, phycoerythrin. l exas Red. Alexal luor- 
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5^)4. Alcxal-luor-4K8. Oregon Crcon. BODll'Y-l l, and Cy-S.. Appropriate luminescent 
materials .nclude luminol. and suitable radioactive materials include radioactive 
phosphorus Ti'l. iodine I'-'l or or tiiliimi ril|. 

According to the subject invention, at least one substrate trapping mutant 

5 PT1> as provided herein is combined with at least one detectahly labeled tyrosine 
phosphorylated polypeptide which is a substrate of the I' lP. wherein the substrate ic.,.. a 
substrate identified as described above) is capable ot generating a tluorcscence energ> 
signal. The mutant FTP and the substrate are combined under conditions and tor a time 
suiT.cient to permit formation of an intermolecular complex between the P fP and the 

1(, substrate. Suitable conditions for formation of such complexes are known in the art and 
can be readily determined based on teachings provided herein, including solution 
conditions and methods tor detecting the presence ot" a complex and^or for detecting tree 

substrate in solution. 

Association of a detectabU labeled substrate in a complex with a substrate 
15 trapping mutant PIP. and/or tree substrate that is not part of such a complex, may be 
identified according to the present invention by detection of a tluoreseence energy signal 
generated by the substrate. l >p.cally. an energ> source tor detecting a lluorescenee energv 
signal is selected according to criteria with which those having ordinary skill in the art will 
be familiar, depending on the lluorescent reporter moiety with which the substrate is 
20 labeled. The test solution, containing (a) the mutant PfP and (b) the detectably labeled 
PfP substrate, is exposed to the energ> source to generate a lluorescenee energy signal, 
vvhich is detected by any of a variets of well known instruments identified according to the 
particular tlt.oresccnce energy signal. In preterrcd embodiments, the tluoreseence energy 
signal is a tluoreseence polarization signal that can be detected using a speetrotluorometer 
25 equipped with polarizing filters. In particularly preferred embodiments the lluoreseence 
pc.larization assay is performed simultanecu.sly m each of a plurality of reaction chambers 
that can be read using an 1..!!, CRITf:Rl()N Analyst (f.lL Biosystems. Sunnyvale. CA) 
plate reader, lor example, to provide a high throughput screen (H I S) having varied reaction 
components or conditions among the various reaction chambers, l^amples ol' other 



2^) 



,,.,„,S,.'^. .BNH. . * r«l„„„>„ics. one Ocn,«„>,. I...,,,,.^' „.c- 

M.,is„„. Wn .Kl .1,0 ,.o,an„„'^' ( iccan. ,„c.. In.^lc Par.. NC, Jev.ccs, 

„c,or,„i„a.um of llu- pr.scnc. of a cn.plcx .ha, l,as lo„„cJ ho,wo.„ a M 1 

a .1,. s„b.,*. ,.,0. „. „s. or a„> n.,„rcsco„cc c„o„> s„„a, ,„c,h.. >,> as 

„,„yed „c,ei„ a„„ as .,o. o an s„a,i,„ a„ „,.cn„o,ccu,a,^ ,„.«a..„„, 

Ho,wcc„ a ,.n. and a saHs„a.c acco,.„„. ,o .1,0 P-.n, ..,sc,.,.,re, 
„,„„«,„,.,„.s „,a> „,c,„dc. .a> of „K,s.,a.,o„ a,., „o, ,i„„.a.,„„ Fl'- I Ki .. i '^ -I 
na„r;„,c..,c assa.. „, p.erc..a c„,boa„„ca,. ,i,c P^senco absence o, a eo„,p ex 
„ K A IMT „,a> ,„.e,ae, a .MP s.bs.va.e .a speeifie b,„d,„, , ,„e 

,„ , ,„e s„bs„a.e .,,„ a Ka „r .ea.e, ,„a„ e.,ua, .„ aK,a, UH KP.. p.e,e,ab o, 
„.„e, ,„a„ „. e,„a, ,„ aK,„. U,^ ^P^ „,>..e P^rerabU o, ,.ea,e, ,ba„ ,„ e,,.,a, 
H, N,-. a„d s.m „,o,e prelerabP of „ea.„ .l,a„ o, e.,,,a, .0 ab„„. H,' M ' .<- H, M 
.Vfl,„i.ies ..rbi„di„. pa...- sael, as a P , P a„d a PT,. s.,bs„a,e ea„ be- reaci„> cale.a.e 

, .,a,a .e„e,a,ed aeeoali,,, ... .be n.,„.esee„ee e„e,.> s,..a, „,e,h„a .,es des.nbed 

„„.vc .,sin, e„„.e„.i«,al Ca.a ba„dl,„. .eeb„„.,cs, lor exa,„ple. .b.,se ,leser,bed by 

Sca,cba,de,al.. ,l„n A r .J™./ .V,. f 1-4'.. 

example, in p,ere„ed en,b..din,e,„s where .he llnoreseenee ene.^ 
s,e„a, ,s a „a„,esee„ee po.ar,.a„™, si.naP .luoreseenee a„,s„,rop> ,u, p.,la.,.ed h.b„ o, 
r,ee de,ee,abK labeled PTP snbs.ra.c pep„de ean be de,en„ined n, .he absence „. 

s.,bs,ra,e .rappin, PTP (, e . .ea.es. ..eedon, of „ ,on becaase no laMed pe,, e ,s 

,„ ,„„,p,ex ron„a,n,n,, and flnoreseenee an.so.ropy „„ polan.ed „,h., o, , e 

,„,,. b ,d snbs.ra,e ean be de,e,„,ined in .he presence o. a .i.ra.ed a,„o of ,i,e sn s.ra e 

,„„;p,„, P f,. „a. a .. , P co„ecn.ra„ ,ere all snbs.ra.e ,s co,„plexed ,0 mn.an. I , I .he 

, .1,1 exhib,. .he leas, heed, f ro.a.ion,, PInorcseence a„,s„.ropv ,„ 

" p„,a,i..d h,l„ varies as a f.,nc, of .he a of ,o,a a, n,o„on ,ha, .he labe ed 

.,hs,ra.e nnder.oes dnr,„s ,he h.e.nne of ,he exc.ed s.a,e of, he nuorophore. snch ,„a, ,l,c 

„, ,„^s,ra,e bound ,o PT,. in a ,^cn se, of exper„„en.a, condihons. ,o, ,ns,ance. 



30 



a c»,h1kU,.o ..cn, is present Iso.s . , l..™lblaJ c, al . .U./.v 

,„,,.„„,„, H,:6(n: Dandl.kc- c, al.. 1971 / ..«/„ »,. 7-,7...,: Coll.,.. I ,. i:.l~'n.:l 

I l;„ula,,m„.,h .,,,.1 Ipplncnom. 1 Marcel 1 )ckkcr. New York). 

I-)., a ,r,eas,„-e„>e,„ of .he axerage ang.rlar d,s,,lace„.er,. ( J„e ... n.oleer,lar 
s ro.a.io„al JilTusionl of a ,l,„.ro„l,ore ,ha. oeerrrs be.ween i.s al.sor p.io,, of a pl,..,on lr,...r 
a„ ccrev soarce and Us srrbseq.rerr. e.rrission of a pho.o,,. depe.rris oa .he cx.ea. and ,a,o ol 
„,„i„„„l dillns,..,, during ,he exeiled s.a.e of the llrrorophore. on .noleerrlar s,/e and 
shape, on sola.ion viscosity and on sol.n.on .e.npera.nre ,l-erri„. 1«<„/ I'lns RaJ V3m. 

r.Mi';fint 1-P is dircctU related Ui llic apparenl 
When \ iscositv and temperature are held consiam. 1 1 is ui 

H, ..oleeular ^olume or size of the tluorophore. The polar,zatu>n value is a ratio of 
nuoreseenee unensU.es measured d.stinct planes U' ■ ^crt.eal and horizontal, and ts 
therefore a dunens.onless quanthy that .s una.Teeted h> the u.tensUy of the lluorophore. 
low moleeular vvei.ht lluorophores. sueh as the detectahly labeled PTP substrate 
poh pept.des provided herein, are eapable of rapid molecular rotation m soluUon low 
, S aniiotropv, and thus e r.se to lou lluoreseenee polar.zation readings. When eon.plexed 
,0 a hiuher molecular we.ht molecule such as a substrate trappn,, nu.tant P . l> as prov.ded 
herein houcver. the tluorophore moiety of the substrate associates w.th a complex that 
exhibits relatively slow molecular rotat.on m solution (,.... h.gh ani.sotrop». resultnrg m 
higher fluorescence polarization readings. 
.0 ^ i-his difference in the polarization value of tree detectabU labeled FTP 

substrate polvpeptide compared to the polarization value of a substrate trappu.g IM P 
mutant-substrate complex n.ay be used to determu.e the rauo of eomplexed (c,... bound, 
substrate to tree substrate. I h.s d.flerence may also be used to detect the u.tluence o. a 
eand.date aeent on the lonnation of sueh complexes and/or on the stabU.ty ol a pre-lormed 
complex, for exan.ple by eon.parn.g I P detected in the absence of an agent to i-P detected 
the presence of the agent. bP measurements can be per.ormed wUhout separatum o. 
.-eact.on components, c,,. P 1 P-bound sr.bstrate need not be separated from Iree substrate. 

l-or example, if a candidate agent con.pctitnely binds to cither the substrate 
trappin. mutant PIP or the PTP substrate polypeptide m a n.anner that precludes fonnatum 



ol- a substrate trapping 1>TI' nnnant:snhstratc c.Mnplcx. the detectably labeled substrate 
reniains tree in solution and deereased (, . altered) polar./ation readings are obtained. As 
another exantple. if a candidate agent tails to eon.pet.tnely inh.bU or pron.otes substrate 
trappinu P IP nn.tanf.snbstrate complex lormat.on. substrate-bound iluorophore renuuns in 
S the complex and either unchanged or increased U.c. altered) polar./ation readings are 
observed. 

XV'ithout wishing to be bound by theory, it is contemplated that 
phosphorylated tyrosn.e res.dues that are part of a P I P molecule Uself may n^tluence the 
interaction between the P I P molecule and P I P substrate molecules, which include tyrosine 
,0 phosphorvlated proteins that a i> IT n.ay bind and'or dephosphorylate. According to this 
,on-Hm.ting theory . a conset. ed tyrosine residue present m a P I P prn.ary structure may be 
a receptor lor transter of a phosphate group from the phosphate group present in the form ol 
phosphotyrosinc on the PTP substrate phosphoprotein (Zhang et al.. l<m J. Biol. Chen, 
274:17806). Ihus. although a conserxed tyrosine residue in a P I P active site may facilitate 
5 intermolecular orientation of the PIP rclatixe to Us substrate b> prodding a hydrophobic 
interaction with the substrate phosphoty rosine. and may further act as a phosphate acceptor. 

the invention is not so limited. 

As noted above, the present lUNcntion relates in part to a method of 
identilVin. an agent which alters the interaction between a PfP and a tyrosine 
.() phosphor^lated polypeptide which ,s a substrate of the PfP. The method comprises 
eontacting. m the absence and presence <.f a candidate agent, a substrate trapping PTP and a 
detectablv labeled ty rosine phosphorylated peptide which is a substrate of the PTP under 
eonditions conducive to formation of a P I P-substrate complex, wherein the substrate is 
eapable of generating a Huorescence energy signal as provided herein, fhe tluorescenee 
.s eneruv sienal kwel detected m the absence of the candidate agent is compared to the level 
in the presence of the agent, such that a difference in signal knel indicates that the agent 
alters P i P-substrate complex formation. As described above, in certain embodiments the 
substrate trapping PIP compri.ses a PIP in which the invariant aspartate residue is replaced 
,v,th an ammo acid which does not cause significant alteration of the Km of the enz> me btit 



.vhich results in a rcductu>n in Kca, to less than 1 per n.nute (less ,han 1 mni" ) . an 
alannK- residue). In eerUun other en.bodnnents the substrate trapping I' l l' ma> e.mpnse a 
C S mutant I' l l' as described above, whieh .s eatah tteally deileient but rennuns capable of 
forming a stable or t.nstable complex ,n solution wUh a phosphotyrosme pepfdc substrate. 
S Thus, the substrate trapping PIP .nutant bmds to or complexes with its substrate but does 
not dephosphorylate .t (or does so very slowly), thereby allowing the knel of con.plex 
loniiation and/or the lev el of free substrate to be delected. 

for example, a competitive binding assay can be carried out utilizing the 
„,tant P fP m the presence of an agent to be tested, at.d the resulting extent of binding of 
,(, the mutant PTP to its substrate can be con^pared uith the extent of binding i.t the absence 
of the a^ent to be tested. A decrease tn the extettt of bi.idn.g m the presence of the agent to 
be tested nuheates that the agent inhibits the n.eraction between the P I P and its substrate. 
Conversely, an increase in the extent of binding u. the presence of the agent to be tested 
indicates that the agent enhances the interaction between the PTP atul its substrate. 
, , As described herein, the bmding affinity lor substrate of mammalian protem 

tvrosme phosphatases (PTPs) may he determmed using lluorescence polarization (HP) 
detection in concert with a substrate trapping approach in which mutant or altered forms of 
the mammalian PfP are used to bind (trap) one or more substrates of the PTP. Binding ot 
the substrate trapping P f P with a substrate of the PTP results in the formation of a complex 
20 which can be readily detected, and. if desired, measurably dissociated with a suitable agent 
in an f P procedure that does tiot require separation of bound and tree substrate. The 
nuitant forms of the PTPs have attenuated catalytic activ ity (lack catalytic aetiv itv or hav e 
reduced eatahtic activity) relative to the wild type PIP but retain the ability to bind 
tyrosine phosphorv lated substrate(s) of the wild type P I P. 
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The present invention is also directed in part to a method for identifying an 
a.-ent which alters the interaction between a PIP and a tyr.>sine phosphory lated polvpeptide 
.vh,ch ,s a substrate of the PIP. based on the abUitv of a PI P to catalytiealN 



dcplK.phorvlatc the substrate. Aeeoul.nu to these e.nbodiments. the sub.ect nnont.on 
HK-thod eon,p..ses eontaet.ng. .n the ahsenee and .n the presenee of a eandidate agent, a 
P , P and a deleetablv h>beled 1>T1> substrate as prov.ded herein, under ecndit.ons and lor a 
tune surile.ent to pern.t dephosphoryhuion of the substrate b> the 1' 11'- where.n the 
; substrate ,s eapable of generat.ng a Huoreseenee cnerg> s.gnal. The method lurther 
comprises exposing the 1> TP and the substrate to a reae.ion lernunator moleeule. thereb> 
terminatinu dephosphorylat.on of the substrate, and e<.mparu.g the tluoreseence energ> 
signal level of substrate that ren.anrs phosphorylated in the absenee of the candidate agent 
to the kn el of substrate that remains phosphorylated in the presenee of the eandidate agent. 
0 A ditTerenee u. the lluoreseenee energy signal level ittdteates the agent alters the interaet.on 
between the 1>T1> and the substrate. In eertain other en.lxxhments. the step of eompar.ng 
instead eon.pr.ses conrparn.g the lluoreseenee energy s.gnal level of substrate that ,s 
dephosplK..lated u. the absenee of the candidate agent to the knel of sr.bstrate that .s 
dephosphorvlated in the presence of the eandidate agent, such that a difference u. the 
5 lluoreseenee energy signal lev el md.eates the agent alters the u.teraenon between the 1' 1 1> 
and the suhstratc. 

A .caclion ,ern,nKrt,.r im.lccuie .ncU.Jes i.,v, M..„r.,l or syn.l-clic pcpliJc. 
,„„„i„ p..Kpcp,ido or polypeptide .».alo,. inclr,Ji„, ... -..body or i„„..u.,osloh„li., 
scqucccJc^cd polypeptide or l..sio„ protein: a .n.eleotide. oli,o.,..ele„„de. 
p„lv,.„eleo,ide or other ....eleic acid .,tolee,.le. deri,r.tive. a.,alo, or the l.kc: a earbohydrate 
(i„rl..di,.g polvsaccharides a.,d oligosacclrarides and their der,^at.^es a.rd analogs): a hp.d 
or an oreanic eo.„pot.nd inelt.d.ng a s.rtall ...oleeule as provided herein, tha, is eapahle „1 
spce.lieallv halti... or sr.hs.antiaily inhibiting eatalytie dephosphorylat.on of a tvros.ne 
phosphorvlated pobpep.ide whieh .s a s,.bs,.a,e of a P I P. by the PTP, A ,eac„o„ 
,er..,i,.a,or n.oleeule .nav exe.t .ts elTce. throngh .nterae.i,... wi,l, a PIP substrate and'or a 
P I P .N reael.on ter.ninalor ...olect.le tha. subslanttaliy inh.bi.s PTl'-n.edia.ed catalyt.e 
dephospho, vla.i«n of a sr.bs.rate prelen.bh hth.bi.s grea.er ,ha., 8.)% of P I P ae„vi,y u,.der 
defined eo„d..ions. .nore prelerabh grea.er that, n.ore prelerably g,ea,er than 
still n.ore p,ererahlv grea.er .han tX).".... and .nos. p.elerably lt« h- ptelerred 
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cn.lxKiimcnts. the step of exposing .he FTP and the substrate to a reaet.on tenninator 
moleeule and thereby ternnna.ing dephosphors lat.on of the substrate is subsequent to tite 

step of eontaeting the V \V and the substrate, 

l.:xamples of suitable reaet.on tennuiator moleeules inch.dc. but are not 
. Incited to. an antibody specUle tor a P I P substrate, an antibody speeif.c for a P I P eatahtie 
domain, vanadate (c ,. . sodun. ortho^ anadate). an SI 12 domain polypeptide . Ixk et 
a,.. 199.3 Naunr 362:S7: Waksnutn et al.. 1992 ,V...v 358:646). an IRSl P I B don.a.n 
polypeptide Ixk et al.. 1996 ( V// 85:69.S). an she Pll domam polypeptide Zhou 
et al.. 1995 92:7784). an Sli2-like domain identified in the N-terminal region of Cbl 

„, Men^ et al.. 1999 Salure 398:84) a yopll phosphotsrosine reeognition domain 

poKpeptide Blaek et al.. U)98 Mni MuroMol. 29:1263) or any other non-antibody 
mo'leeule that speeif.eally binds to a tyrosine phosphorylated form of the deteetable PIP 
substrate. In prefeiTed en.bodiments the reaetion terminator moleeule is an antibody . which 
„,av inelude a n.onoelonat antibody, a polyclonal antibody, a fab" fragment, a I (ab"): 
1 . fragment, an immunoglobulin fusion protem. a single-chain antibody or the like. In certain 
panicularlv preferred embodiments of the invention, the reaction terminator molecule is a 
monoclonal anlibodv specific for phosphotyrosme. which antibod> is not present at the 
,,,,,on of the reaction wherein a PIP dephosphorylates a detectable tyrosine 
phosphorvlated PTP substrate as provided herein, but which antibody is exposed to the P 1 P 
20 and the substrate at a pomt in time subsequent to the step of contacting the PTP and the 
substrate. In other preferred embodiments, the reaetion terminator nu.lecule may be an 
antibodv speeit-ic for the detectable substrate, a substrate trapping mutant protein tyrosine 
phosphatase that binds to a tyrosine phosphoiylated form of the detectable substrate or 
another molecule that specifically binds to a t> rosme phosphorylated form of the detectable 
substrate I or instance, a CS substrate trapping nuitant P I P n.ay be used as a reaetion 
,,,„i,ator. as described m greater detail below (see. ...... 1-xample 6). As another example. 

a suitable reaction terminator according to the present disclosure may include a molecule 
that specifically binds to a tyrosine phosphorylated form of the detectable substrate and 
may include an S112 domain polypeptide or a P I P-PID domain polypeptide. 
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|„ .„U,in cn,KKli,„cn.s of ,1,0 ,,rcsc„, ,„^ c„,io„. . Jo,cc,i>.„ ,ca,e„, ,„a> Ik- 
„„,,„ ,„„. „ I' l l. .„.l>„c - dosciK., „oc,„. .l,«o„, .1,0 

„,„„„isos a„> „,olcc„lc capable ..l' .,.c„1ca„y c„,a.i„. ,„ co„,p,o. .o„„a„,.„ 
„„;, , ,,...„*lv labeled. de,,l,ospb.„yla,cd IMP subs.ra.e and ubere,,, ,l,e de.ee„„„ 
a.„.e„, „o, a ,cae„o„ ,e„„i„a.o, „,>,leeale. Aca„d„„ ,o s„el, a„ e,„b..d;„,e„,. saci, a 

de,:.e,io„ ,ea.e,„ as .el, as ,l,e ,eac,K„, .e, a,.., „,.,lee,„e a,e p,ese,„ .„e„ ,l,c s,ep „, 

n„o,esee„ce e„e„> si„a, levels ,s pe,lo,„,ed. la.,od„e„o„ o,' a reae.,.,,, 
,„„:,,„,e ...... ^„nada,e, a, o„e ,„ „,o,e „„,e p..„„s duri„g sueb a ea,aK„e 

,l,,,s pe„„i,s l,aU,„. >l,e dcpl,ospl,.„>la„o„ reae.io,, and de.e,„„„a.i«n „. .he 
>„ depl,osph>,o la,ed snbs.ra.e, I bns. ,0, e.„„ple. e„n,in„o„s rea,-,in,e ,n„„U.,„n, 
„r „e dee,ee of depl,ospb>.rv.a,io„ .T a sahs„a,e „,a> be aebieved .bere a dcecon 

„,„e„. bu, n,„ a reae„„„ ,e„„i„a, eeule ,s presen, As ano.be, esa,„ple. 

.„:„„aneo.,s de,ee„„„ of ,be pl,<.spbo,yla„..n s.a.es o,' ,n„l„ple de.ee,abl, labeled. 

p,„,de sabs„a,es n,a> be aeb,eved ,n a .nal.iplexcd- e,„bod„ne„, 

^, ^^.^,^.,,.,„ ,,,.„„„,„, „,„,e™le as p,ov,ded herein. »hile a, leas, one Cher d.s.rnc, snbs.,a,c 
,„„„„c. ,n speedle complex lonnanon wnb a dceebon rea.en, as provrded l,e,cn. I hose 

,a,;„har w„b ,„e a,-, .ill appreeia.e ,ba, varranons and ,nod„iea„ons of sneh ernb „en,s. 

.„.|, e,npl„y a de,ee„„„ rea.en, and a reacion ,enn,na,or rnolecde. arc ™,h,n ,he scope 
II luulspirilorihe present invention. 

.\, „ specific cxan,plc by uav of ill.s,ration and Innnahon. l« 
■ '.nonoclonal .d'.body 2,10.. „»,™.lools Cnhll. renin.en. ,.e„„any, specfically de,ee,s 
,„,„„„spborvla,ed polypep.ide se,t,enee ,hat ,nc,t,des the ty,os,ne res.dne a, an„no ac, 
„„„„„„ ,,7.. .hrel, is a she lor a,„oph„spho,yla.,o„ ,n the l^and-stantdated I.C, 
H ,,,,„„r Ace. .IV. tltroresecntly-labCed phosphopepndes der,ved l,,„n an,n,o acds 

, „. ,170 1 176 (N-A-l'-pY-I.-R-V. Sl-Q ID NO:. ) 
1170.1 176 (.rthe F.C.l- receptor sequence 1 170-1 I /6 (1n | 

„„„ be sabs,ra,es for catahtrealh aet.ve P l l's. l a«henno,c. aceordin, ,o ,1ns example 
,,„,„.blv labeled pept.de sabsnates. apon cataKne depbospborylation by I' I P. d 
,e.ec,ablv bn,d .o an,ibody 2<K» and show an ,nere.sed bP s„n,l c„n,n,cnsnra,c ,v„h ,l>e 



tlegree t>t acphosplKm-lntion. Termination o\ dophusphun laliun by inlrtKiiit-litm .>f^ 
reaction terminator molecule, al an appropriate time that can be determined rcndih' ami 
witbout undue ex|X'rintentation based upon the teaebings provided herein, then ,>«>vKWa 
source <d" lluoreseence encrg>- signals lor comparison as described \^r^ 
5 The detection ol a lluoreseence cncrg> signal, according to aspects of the 

invention that arc directed to determining levels of i>Tl> substrate phosphorylation or 
dephosphorvlation. includes lluoreseence energv' signal level determination as discussed 
herein. In preferred embodiments, lluoreseence energy signal detection relates to I P 
determination as described m detail above. In other prelerrcd embodiments, lluoreseence 
10 cnergv signal detection as prov idcd herein relates to determination of 1RI:T levels wherein 
the detectably labeled tyrosine phosphor, lated peptide substrate and the reaction terminator 
molecule ccMiiprise an energy transfer molecule donor-acceptor pair. I hus. in certain 
embodiments the substrate comprises an energy transfer acceptor molecule and the reaction 
terminator molecule comprises an energy transfer donor molecule. In certain other 
1 5 embodiments, ihe substrate comiMiscs an energy transfer dcMior molecule and the reaction 
terminator molecule comprises an energy transfer acceptor molecule. 

Screening assa> s according to this aspect of the insenlion as it relates to 
methods iuNoh ing the determmalion of PIP substrate dephosphorvlation are directed m 
part to comparison of (a) PTP-mediated substrate dephosphorylation in the absence of a 
20 candidate agent to (b) PfP-mediated substrate dephosphorvlation in the presence of a 
candidate agem. For example, an agent that alters the phosphorylation state of a tv rosine 
phosphorylated substrate of a P I P can be identified by the methods described herein. .\n 
en/.vmalic activity assay utilizing the vvildtype P fP may be carried out in the presence of an 
agent to be tested, and the resulting amount of enzyme activity ie.^^.. as evidenced bv the 
25 level of substrate which remains phosphorylated. or. alternativ eh . as evidenced bv the level 
of substrate that is dephosphorylalcd) can be compared with the amount of enzyme activity 
in the absence of the agent to be tested. ,-\ decrease in the enzymatic activity in the 
presence of the agent to be tested indicates that the agent inhibits the inleracti(Mi belween 
the P I P and its substrate. Converseh . an increase in the en/>niatic activ ity in the presence 
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ofihc agent to be tested indicates that the a.ent enhances the uiteraetion between the I'l l' 
and its substrate. Ident.lleation and selection of suitable I> TP substrates tor use in these and 
related embodiments are as described abc.e. The nuoresccnce energy signal-based 
detection according to this aspect of the invention may also be adapted to high throughput 

5 screening Ibrmats. 

Thus, according to certain embodiments of the subject inx ention metliod. at 
least one l>TI> as provided herein is combined with at least one dctectably labeled tyrosine 
phosphorylated polypeptide which is a substrate of the P I P. as disclosed above. Suitable 
assax conditions for P I P-mediated catalytic dephosphophor> lation of a P I P substrate 
„, ivrosine phoshphorylated polypeptide can be readily determined without undue 
experimentation by a person having ordinarv skill in the ail. ba.sed on the disclosure herein 
and known properties of P fPs. i-n/ymatic actuitv assays are known in the art and ma> be 
nKKliiled according to the teachings herein: lor example, assays of P I P activi.v using a 
tvrosine phosphorv lated "^-P-labeled substrate are described m Flint et al. (l'^)3 LMBO J. 
,5 / >:ig37-1946). for instance, a substrate ma> be dephosphoiylated ,n vUn, by incubatmg a 
FTP with a detectably labeled substrate peptide in a suitable butler (e.g.. Tris. pll 7.5. 1 
niM l-l) I A. 1 mM dithiothreilol. I mg/ml, bovine serum albumin) for 10 minutes at 3()°C. 
m general, and depending upon the particular assay type selected (c ,.. with regard to 
sensitiv ity and detection limits that may n ar>- as a function of the reporter signal that is 
20 monitored, and further with regard to assay formats such as conventional test tubes or high 
throughput formats such as 96-well. 384-well or other high throughput microplates) the 
amounts of the reaction components may range from about 0..vlO pg to about .^O-.^OO ng of 
PIP polypeptide and trom about 0.5 ng (0.1 ng tor 1- P assays) to about 10 pg of substrate 
poKpeptide. The extent of substrate dephosphor> lation may generally be monitored b> 
25 determining a tluorescence energy signal as described herein, lor example, using 
nuorescence polarization or I Rl- f. As noted above, a decrease in the enzymatic activity in 
the presence of the agent to be tested indicates that the agent inhibits the interaction 
between the P I P and its substrate. Conxcrsely. an increase in the en/ymatic activity in the 
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presence of. he agon, to he tested uuiicates that the a.cnt enhances the uneract.on between 

ihc V \ V aiui its suhstralc. 

It ,s contentplated that the present nn entic,n wUI he of major vak.e in h,.h 
,h,ouuhput screening: .... .n automated screenn.g of a huge number o.' candulate 
eompounds tor actn itv agamst one or n.ore l>TI>s. It has particular s alue. tor example, n. 
screeninu svnthetic or natural product l.hraries tor compounds that exh.bil activ,tv n. !>i P 
b.ndn.u and FTP catalvtic assays as described hcren. The methods ofthe present invention 
are therelore an.enahle to auton.ated. cos.-etTect.ve h.gh throughput drug screening and 
ha^e .mmed.ate application in a broad range of phannaceutical drug de^elopment 
prouran.s In a preterred embodu.ent of the i.nent.on. the compounds to be screened are 
oruan./ed n. a high throughput screenmg tonnat such as a ^)6-ueH plate tormat. or other 
regular two dimensional amn. such as a 3H4-.ell. 48-uell or 24-well plate tormat or an 
a^ra^■ of test tubes. I or h.gh throughput screening the tormat is therefore preterably 
anumahle to automation. It is preferred, tor oxan.ple. that an auton.ated apparatus tor use 
accordu^g to hiuh throughput screenu.g en.hodm.cnts ofthe present .nvent.on .s under the 
control of a computer or other programmable controller. The controller can contnu.ously 
,,omtor the results of each step of the process, and can automat.calh alter the testn.g 
paradigm in response to those results. 

a(h;nts 

.As noted above, the m^ention is directed in part to a method for identif>ing 
an a..ent that alters P I F-substrate interactions, by combining a candidate agent with a P f P 
and^naluating the eflect ofthe candidate agent on the phosphatase activity using, for 
example, an assas described herein. An increase or decrease in phosphatase actn ity can be 
.neasured b^ perlornting a representatne assa> according to the present disclosure, in the 
presence and absence of a candidate agent. Brietlv. a candidate agent may be included in a 
„.xture of active PIP polypeptide and st.bstrate as provided herein, with or without pre- 
incubation with one or more components ofthe n.ixture. in general, a suitable amount ot 
candidate auent tor use in such an assay ranges trom about O.OOl ,M to about 100 ,NT 



• # 



The ctTcct of the agent on 1>TI> aetivh> mav then be evaluated bv quantitying the loss of 
phosphate Ironi the substrate, and eoniparinu the loss with that aehieved usn.u t!ie V\V in 

the ahsenee of the eandidatc agent. 

The present iinenlion therefore also relates to assavs lor identilxmg agents 
5 which alter, c,,. . enhanee or nih.hit. the niteraction between a I' lP and its phosphonlatcd 
substrate. AgetUs identified b> these assays ean be agonists (c agents which enhance or 
increase the activity of the 1>T1>) or antagonists [c.^.. agents which inhibit or decrease the 
activity of the PI P) of P I P actixity. fhe agent may be an endogenous physiological 
substance or may be a natural or sy nlhelic drug, including small organic molecules. 
10 Candidate agents for use in screening assays according to the present 

imention may be provided as •■libraries" or collections of compounds, compositions or 
molecules. Such molecules t>pically include compounds knoun in the art as -small 
nioleculcs- and having molecular weights less than 10^ daltons. preferabK less than 10^ 
daltons and still more preferabh less than 10^ daltons. For example, members of a library 
15 of test compounds can be administered to a plurality of samples m a high throughput 
.screening array as proN ided herein, each containing at least one catalytically active PIP as 
provided herein, and then assayed lor their ability to enhance or inhibit l> fP-mediated 
dephosphorylation of. or binding to. a detectably labeled substrate. Compounds so 
identified as capable of inlluenemg P I P function phosphotyrosine dephosphorylation) 
20 are x aluable for therapeutic and/or diagnostic purposes, since they permit treatment and'or 
detection of diseases associated with PIP activity. Such compounds are also valuable m 
research directed to molecular signaling mechanisms that iuvolve P 1 Ps. and to relmements 
in the discovery and development of future P fP-active compounds exhibiting greater 
spccitlciu . 

25 Candidate agents further may be provided as members of a 

combinatorial library, which preferably includes synthetic agents prepared according 
to a pluralit> of predetermined chemical reactions performed in a plurality of reaction 
vessels, f or example, various starting compcninds may he prepared employing one or 
more of solid-phase svnthesis. recorded random mix methodologies and recorded 



reaction split tcchniquos tliat pcrnm a ..xcn constituent to traceahh undergo a 
plurality of pennutations and/or combinations ol reaction conditions. The resuitmu 
products cotnprise a library that can be screened K.llowed by ,^crati^e selection and 
synthesis procedures, such as a synthetic conibniatorial library of peptides (see c-,,'. 

5 pCT'l!S')l/()8694. PCTA !S9 1/04666. which are hereb> incorporated by reference in 
ihcir entireties) or other compositions that tiiay include small molecules as pros ided 
herein (see e.^.. VCY/VSW^542. 1:I> 0774464. U.S. .5.798.0.^5. U.S. .S.789.172. 
U.S. 5.751.629. which are hereby incorporated by relerence in their entireties). 
Those hax ing ordinary skill in the art will appreciate that a diN crse assortment of such 

10 libraries may be prepared according to established procedures, and tested using PTPs 
and appropriate i> IT substrates, according to the present disclosure. 

PHARMAC EUTICAL COMPOSITIONS/ niFRAFHUTIC Mlil llODS 
One or more agents which alter the interaction between at least one P I P and 

1 5 a t> rosine phosphoi, lated poK peptide which ,s a substrate of the P FP may also be used to 
alter, modulate or otherwise regulate P I P acti^ itN in a patietit. As used herein, a •■palie.u" 
n,a> be any mammal, including a human, and nr.y be aftlicted with a condition associated 
with one or more particular P I P actiN ities or may be free of detectable disease. 
Accordingly, the treat.iient ma> be of an existing disease or may be prophylactic. 

20 Conditions associated with one or more particular P fP acitnities include any disorder 
associated with cell proliteration. including Duchenne muscular dystrophy, cancer, graft- 
versus-hosl disease (GVHD). autoimmutte diseases, allergy or other conditions in which 
inmntnosuppression may be involved, metabolic diseases, abnormal cell growth or 
proliferation and cell cycle abnormalities. Certain such disorders mvoKe loss of nornud 

25 PIP actn tty. including activits of one or more certain NT-\P-kinase phosphatases, leading 

to uncontrolled cell growth. 

l or administration to a patient, one .^r more agents are generalh formulated 
as a pharmaceutical composition. A pharmaceutical composition may be a sterile aqueous 
or non-aqueous solution, suspension or emulsion, which addit.onalh comprises a 
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phvs.olouicallv acceptable earner „ ... a non-tox,e n.Uerial that Joes no, .nterlere .uh the 
act.v.tv or the act.e .nuredient). Such eompo.sit.ons may be .n the form of a soIkI. 1k,ukI 
or .as (aerosol). Alternatively, con.posifons ofthe present invention may be lonm.lated as 
, Kophtli/ate or con.pounds n.ay be encapsnlated within liposon.es using well known 

. teehnolo^^. Pharmaceutical compositions withm the scope of the present invention ur.y 
also contain other components, which may be biologically active or inactive. Such 
components include, but are not limited to. buffers (c.,.. neutral buffered salme or 
phosphate buttered saline), carbohydrates (..,,. glucose, mannose. sucrose or de.xtrans). 
„,annitol. proteins, polypeptides or amino acds such as glycine, antioxidants, chelating 

„) agents such as blDTA or glutathione, stabili/ers. dyes, tlavoring agents, and suspending 

aucnls and/or prcscrvati\ es. 

Any suitable carrier known to those ol' ordinary skill in the art may be 
emploved in the pharmaceutical compositions of the present in^ention. C-arriers for 
therapeutic use are well known, and are described, for example, in Ren,in„on.s 
, . rin.rnnu.<,u.l Sae..r.. Mack Publishing C o. (A.K. (.em.aro ed. 1.H5). In general, the 
,vpe of earner is selected based on the mode of administration. PharnKiceutical 
compositions mav be formulated lor an> appropriate manner of administration, including, 
for example, topical, oral, nasal, intrathecal, rectal, vaginal, sublingual or parenteral 
administration, including subcutaneous, intravenous, intramuscular, intrasternal. 
.() intraca^ernous. intrameatal or intraurethral injection or infusion. for parenteral 
administration, the carrier preferabU comprises water, saline, alcohol, a fat. a wax or a 
buffer, l-or oral administration, any of the abo^e earners or a solid carrier, such as 
„annitol lactose, starch, magnesium stearate. sodium saccharine, talcum, cellulose, kaolin, 
glycerin, starch dextrins. sodium alginate, carboxymethylcellulose. ethyl cellulose, glucose. 
2^ sucrose and/or magnesium carbonate, may be employed. 

A pharmaceutical composition ic,,.. for oral administratic.n or deliNcry by 
.section, mav be m the torm of a l.qtiid (...... an elixir, syrup, solution, emulsion or 

suspension). A liquid pharmaceutical composition mav include, lor example, one or more 
of the followinu: stenle diluents such as water for injection, saline solution, prelerably 
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pHvs.olo.cal sal.nc. R.ngcr s solut.on. .so.onic sod.um chloricie. Hxcd o,ls such as 
,.ono or d,ul>ccndos which ..ay servo as the solvent or suspcuhn, nK.hun. 
polvcthvlcnc .ivcols. ulvccrn. propylene glycol or other solvents: antihac.er.al auents such 
Hen.v! alcohol or methyl paraben: antioxidants such as ascorh.c ac.d or sod.un. h.sult.tc: 
chelating agents such as ethylcned.am.netetraacetic acd: butlers such as acetates. eUrates 
or phosphates and agents lor the adjustn.ent of ton.city such as sod.um chlor.de or 
dextrose A parenteral preparat.on can be enclosed in ampoules, disposable syrmges or 
,.ult,ple dose V tals made of glass or plast.c. The use of physiological saline .s prelerred. 
and an injectable pharmaceutical composition is preterably sterile. 

The compositions described herein may be lor.nulated tor sustained release 
, ,„-„„ation such as a capsule or sponge that effects a slow release of compot.nd 
rollowinu admu.strat.on). Such co.npos.tio.ts ntay gencalh be prepared using well known 
technolo.v a,td administered by. for exantple. oral, rectal or subcutaneous implantation, or 
hv ...plantation at the desired target site. Sustai..ed-release formulations ma> contain an 
agent dispersed m a earner matrix and or contained with.n a reservoir surrounded by a ,-ate 
controll,n^ membrane. Carriers for use within such formulations are biocompatible, and 
,„av also be biodegradable: preferably the formulation provides a relatively constant level 
oractive component release, 1 he amount of active compound contained vuthm a sustained 
release formulation depends upon the s.te of in.plantation. the rate and expected duration ol 
release and the nature of the condition to be treated or prev ented. 

Within a pharmaceutical composition, an agent which alters P IP-substrate 
interactions ident.tled according to the subject invention method may be linked to anv of a 
compounds. For example, such an agent may be linked to a targeting moietv 
U< , a moitoclonal or polyclonal antibody, a p,-otcin or a l.poso..e) that facilitates the 
del.verv of the aeent to the target site. .As u.sed herein, a "ta,geting mo.ety" mav be any 
substance (such as a compound or cell, that, when linked to an agent enhances the transpo.t 
of the auent to a target cell or tissue, thereby increasing the local concentration of the agent. 
Taruetinu moieties include antibodies or fragments thereof, receptors, ligands and other 
molecules that bind to cells of. or .n the v ic.n.ty of. the ta.get tissue. An ant.body target.ng 
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„;.„„ ICS o, rr.,n,cn,. I ,.,V,2. -l ah'. I'* lv| ,ra,,„cn,s. .,„c„ 

,„„ „o pr,Hl„«d bv c„nv.„u„„a: ,„c,1,>kIs or by gcnouc or „r,.,c,„ cngnK-cring. I.u.ka.c .s 
,.,;.,a„v e„va,c„, and ,„ay be achieved by. Icr cxa,.„lc. d,.c, c,.nd.asa.ion or o.hor 
;,,c,i„„s or bv wav ol bi- or „„d,i.fr,„c„o„al linkers, l ar.Cin, nrorCics ,„a; be soleCcd 
.asod on drc cclHs, or rissu*. a, «b,cb .be a.en. is e,pee,ed io e.er, a d,erapea,ie bene,,,. 

Pharnraeclical eonrposirions rnav be adnnnis.cred in a n.anner appropr.a.e 
,., ,|,e d,sease u. be .reared ,or preven.ed,. An appropr.a.e d„sa,e and a sui.abie d.,ra.,on 
„„j ,v,,„,„ev „r„dn„n.s„,,.i„n .ill b.- de.ennined by s.rcl, lae.ors as .he e„,rd,.,o„ o, .he 
,„e .^pe and se^orny ol ,he pa.icn.'s d.sease. .he par.,e.,lar lorn, ol .he .c.ve 
,„,„cd,en. and .he .ne.hod of adn„nis,ra.,o„. In general, an appropr.a.e dosage and 
,rea,n,en. re.in.en provides ,he a.enr.s, in an an.oan. snllicien. ,o pro.de .hera,«,..c 

and/or pr„phv,ae.,e benefl. ,e ., an in.proved Cn.eal o„.eon,e. sneh as re l,ee,.,e„. 

,„„,p,e,e or panra, renr.ss.ons. or lon.er d.sease-.ree and/or overall surv.val,. 1 or 

severi.v ofa disease assoeia.ed vM.h cell prr-lileralion. 

„p,i,„al dosa.es nrav eonerally be de.ernrined usn.e ex,>er,„,en,al models 

abora ....KM „s aho.„ H.O P. por ol hos.. .ypieally Iron, abo.r, (,.1 p. u. abor,. 10 P, 
The use of ,h. mini.nun, dosa.e .ha. is snl lieien, .o provide elTecive .herapv ,s usnally 
,„,rerred Pa.ien.s ,nay generally be nroni.ored lor .herape.„ie or prophvlaeirc 
e,lee,iveness rrsinu assavs srn.able for .he condi.ion be.nu .rea.ed or preven.ed. vvh.eh wdl 
be ran„liar .0 .hose ol ordinarv skrll ,n .be ar.. S.n.ablc dose si.es „i,l vary vv,.h .he s.e ol 

animal. 

The IclUnving i:Namplcs are olTcrcd by way of illuslrat,c,n 

and not h\ way of limitation. 
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i:XAMI'l,l- I 

,n ^,■,^v, loN J.:x|.|<i:ssl<.N AN,. IVRl, U A , ... Kl. , AX I !• 11' Pim, , ,« 

|.i„.miJ isol.m.,,. pr,Hl>,c.i,.n of cn.pc™. colls. ,r™sl„rn,a.ion »,h1 rclmoj 
,„„;„„.„i„„s ,„r .he clo„in,. an.plitlca.i,.,,. oons„>,c,io„ «r ,cco,„bi„an, pla.mids. insens 
„„, vccors. scucnci,,, and .l,c like. earr.cd ,n„ acc.,rcl,n, pubHshoJ p„.cc<lu,os 
,Sa,„b,o,.k cu,l.. ../,*.„/,„. C7,„„„,. A/.""..', cold Spring Marhor 

, „ , aU,n„o,v l-rcs. Cold Spr,„, I lar^>r. NV. I.8-. Ausnbcl c. al.. I < rro,.,.,„s 
,„ „,„,,«,.. CiK.nc ,.uhl. ASSOC. Inc. * ,lol,n Wdc> * Sons. Inc.. Hos,o„. MA,. 

Rccon,b;„a,„ nnclcc acid expression coos„a,c,s cncodin, l™,„a„ I- 1 1'-1>1 .S 1 ,.iar,on c, al.. 
,0,4 ^MIIOJ l^:m^: dar.on c. al. I»')6 .Wo/ < V// «/o/ 10:64„«. and l,u,nan IMIMli 
,„„,„„.Shin,c,- c. al., 1')% l>roc. Nat. .Acad. Sc. USA »7:sl48, were prepared as 
1> described. 

|>„i„, n,„,a,ions wi.hin ,l,c calaKnc Jonrains of 1- f Ps uere introduced ns.n. 
„„„a„ J proeednres. for esa,nple. rhc in.arran, aspa,-,a,e ,1), a, a„„no ae,d position l-O in 
|.| |..|.|.S |- be.nu con^er,ed .0 ala,„ne (A, by a subsu,o„on nro.alio,, (D1')')A). I has. 

■.„.,. TP PFSTIDI'NA) PTP-l'i;ST(C2.1IS,. PTP1B(DI81A) and 
nunalions giving rise to I 1 1 -1 ,,s ' "v. 

PTPIBlC'lsS, were iiilroduecd by si.c-dirceled imilagenesis nsing llie Mula-Gene i-i 
,.,„„ nuilairencsis ki, (Bio-Rad. Kicliniond. CA, according ,o ll,e maiiulacuirer s 
i„„r„c„„ns. Regions coiiraining Che specified poin, iiiula.ion were .hen exchanged wi.h 
,„e corresponding wild lype seqaciiccs wi.llin appropriate expression ^c.c.ors. and .he 
replaced nui.aii. regions were ser,tie„eed in their entirety to vcn.y the absence of additional 
2^ mutations. 

1> TPIH proteins (wild typo and mutant forms) comprising ammo ac.ds 1-.- 
.ere expressed in /-:. cnl, and puritled to homo.eneUy as descr.bed .n Bariord et al. (,/. Mol 
Biol. :iy:726-73()(lW)). 
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S V\n- assa>^ of 1> 1 1' IB many prole.ns and pcplides luuclion as suhstrnles .viUi 

' ' preferred subsuates containing acaiic atnuK. actd residues on the N-tenninal side of the 
phosphotvrosnK>. On. ol" the preferred substrates for PTPll^ -s derned fron. 
autophosphon lation she tyros.ne 992 of the HGF reeeptor. The sequences surrounding th.s 
phosphor^lat■on she can be reduced to a hexapeptide without eo.npronusing the favorable 

,0 kinetic properties ol this substrate. Ktn of 3 uM whh a kcat of 12 s ' (/.hang et al.. 
1994 Biochcnisn. ? V22K>229()). fhe tnolecular basis tor the recognition ot this 
substrate bv P fPlB has been detern.ned bv X-ray cr>stallograph,c detern.nat.oti of the 
structure of th.s peptide ,and truncated versions of it) bound to the catalyt.cally inacti^e 
C215S mutant of PTPIB (,Iia et a!.. 1995 Science 268:1754-1758). I ho sequettce of th.s 

15 pcpt.de. l-crp-P (1 .gs. 2. 3) f)-A-l>i-pY-!.-Nll: (SbQ II) NO: . corresponds to rcs>ducs 
088-993 of the hunran IXil receptor. Ihis peptide is available comtnercially (Bachem 
Bioscience I.k-.. K.ng of Prussia. P.\) and can be readiK syn,hes,/,ed according to 

established mcthodtik>gics- 

Ihe lluorescein-labeled torm of the peptide was made by coupling 
20 5-carboxvtluorescein to the ammo terminus of the peptide using a succimmid>l ester 
activated torm of tluorescein (single isomer ^--carboxylluorescein succmimidyl ester. 
Molecular Probes. Uugene. OR. cat U C221()). The reaction conditions uere essentially as 
recommended b> the manufacturer. 4 mM phosphopeptide. 10 mM S'-carboxytluorescein 
succmimidyl ester in 3()() mM sodium bicarbonate buffer tor 2 hrs at room temperature. 
25 i;xcess reagent was quenclK^d whh 60 mM hydroxs iamine. I luorescein-peptide was 
purified bv\e^erse phase IIPI.C and the structure was confirmed by mass spectrometry. 
The concentration of lluorescein-labeled phosphopept.de was calculated using abso.bancc 
of tluorescein with an extinction coefficient of 73.500 cm-'M"'. 



46 



for companso.1 .o .he i:(il-.ccopU>r derived pq>uac lua oU^ 
'phosphotv,o:vl containing substrates .ere prepared. One. 1-1R-1> tl .us. 2. 3). which was 
based on res.dues 1142-1152 of the hun.an insuhn receptor, encompassed three 
autophosphor^■latu,n s.tes tyrosuK 1146. IIM and 1152. .X pept.de wUh only tyros.ne 
,146 phosph.>rvlated uas s>nthesi.ed at PruK-eton B.on.olecules (Columbus. Oil, and 
labeled w.th 5--carhoxynuorescen. on the N-terminus. and puritied bv III'I.C. I his pept.dc 
.vhh sequence r-R-I)-l-pY-L--T-D-Y-Y-R (Sl-Q 11) NO: J .s one of the best reported 
substrates tor PTl>s 1..AR and Cl)45 wUh Km's of 27 uM and 34 uM respectively (Cho et 

-ni 1 992 Biochcmisfrv 3 1 : 13 3-TjSi. 

The third peptide utilized in this example. 1-lek-P (B,s. 2. 3 ) cx>rresponded 
U, ,cs',dues 5(,0-5()9 of p56lck. the src4ike lymphocvtc specif.e protein tyrosine kinase that 
,s a phvs,olo.ical substrate for Cl)45. fhe pept.de chosen represents the .nh.buory 
„,„pHo,-vlat,on site nr the C -terminal reuulatory segn.ent of p56lck and has a reported Km 
of 130 uM toward CI)45 ((-ho. H.. et al,. 10.2 Biochemistry 31:133-138). Us sequence 
was A-T-i;-C.-Q-pY-Q-P-()-P (Si:() ID NO:...,. Ih.s substrate peptide was svuthes,/ed. 
labeled w.th Uuorcseein and purified by HPLC by SynPep CorporaUotv Dublin C4. 

K.XAMPIJ- 3 

CliVRACTt:K.ZAT10NOF.M.OSP.U:,TVR()S^..S.:..STRAr,:iMNr.),NG 

D181A MtHANTOF PfPlB 

40 characterize the binding i.rteraction between three differe.n substrate 
peptides descr.bed in f.ample 2. F-erp-P. F-IR-P -d 1-lck-P. and substrate bu.dn.g 
„,U.nts of PfPlB in solutu^n (described in f.ample 1,. the change .n Huorescenee 
polarization of the tluorcscein labeled-substrate was measu,ed ,n the presence of d.tterent 
concentrations of the mutant P I P. I wo assay paramctcs were n.easured: ( 1 ) the dynam.c 
,an.e of the si.nal U-c the difference between polarizat.o,. values of the bound and the 
unbound nuo.escent substrate, a,.d (2, the midpo.nt of the trans.t.on between bound and 
,,bound that .-epresents the apparent Kd altinU> , of each binding mutant lor each 
peptide. 
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Substrate peptides and hindinu prntein iCS or DA mutant of PTlMli) were 
Ji,„U.d in r,csl,l> prepared Assav BrrlTcr a.nrpr.scd of 25 n,M Iris IICI pH 7.5. I „.M 

11)1 A - mM DIT and 0.1 mg/ml bovuK gamma globulin. Assays were set up at rootu 
,c,„p.ra,„rc in l*>c. p«lyprop,l™o well n.ier.-rncr pl.ics ,l'olM-,llronies. V^ hainra,,. 

U.K.) b^ the sequentud addUion 0140 ul of Assay Buller. 40 ul ofdUuted binding proteu. 
and 40 ul of 0.3 nM fluoreseein-labeled substrate peptide. After 15 mm plates were read in 
a ( riterion Analyst^^ (UL BioSystemsdne.. Sunnyvale, CA) in tluoreseenee polarization 
deteetion mode using the parameters listed as follows: 



eps 

Continuous 
Fop 



Mieroplate 
format: 

Deteetion nuKle; 
I nits: 
Lamp: 

Lxeitation side: 
b.xeitation filter: 1 
Ixeitation s 
polari/er tilter: 
IHioton eounting lK^-120 
head: 

f iuission side: 1 op 
Attenuator mode: o 
f.mission filter: 1 
1-mission ^> 
polarizer filter 
/ Height: 
C'onxersion 
method: 

A/D eon\ erter xl 
gain 

Integrating gain 
Integrating 
eapaeitor 
Read sequenee: 
Integration d ime: 500000 
Total integration 500000 
time: 

Readings per 1 
well: 



•olyriltroniesPP^)6 



Iduoreseein 485 nm 



Fluoieseein 530 nm 



1 



mm 



Comparator 



xt 

0 

row 



us 
us 



4X 



Time between 100 ms 
readiims: 

l)ela\ after tlaslr. 0 

(i I'aetor: 1 

Dvnaniie limissidn Polari/er 

polarizer; 

Polarizer settling 30 nis 
time: 

Shake Time: 0 ^ 



I emperature: 



!().6 f 



Instrument tag: Set by 
customer 

Serial number: AN0088 
Welll.ist: A 1:1 11 2 

f)ata: Polarization 
Units: mi' 

To obtain values tor baekground tluoreseencc. assays were set up as above 
exeept the lluorescem-labeled substrate Nsas replaced with Assav BulTer. To determine the 
lluoreseenee polarization ^alues lor the unbound substrate peptide. assa>s were set up as 
above except that the 40 ul of diluted bindmg protein was replaced with Assa>' Bufler. 
Data were recorded lor each of the 06 wells of a plate as lluoreseenee detected in the S 
channel for light enutted m the same plane as the exciting hght and m the 1> channel lor 
light emitted in the plane perpendicular to that of the exciting light. The lluoreseenee 
polarization ^ alues. reported in mP units, were calculated front the lluoreseenee measured 
in the S aitd P cha.tnels. fo ealculate tnP. the background fluorescence measured in the S 
channel was subtracted from each measurement of lluoreseenee in the S channel and the 
background lluoreseenee measured in the P channel was subtracted front each measuremettt 
of lluoreseenee m the P channel. Ihen using these corrected values. mPHOOO*(S- 
|>)/(S+P). A Ci factor of 1 was used lor these calculations and thus does not shcnN up in this 
equation, fhis factor is required under certai.t circumstances to adjust the lluoreseenee 
values in the P channel. Additicmal corrections as described in an PP-based protease assa> 
(I.evine et al.. 1007 Anal. lUochcm. 247:8.3-X8) also were unnecessary as no quenching of 
the lluorophore was observed tipon its being bound. 
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The results of the binding assavs u.th the CS binding ntutant of I'Tl'lB 
(,,ou,e ^ and Table 1 ) indicated .hat the i;(ll--reeepto,- derived peptide (1-1;RI>-P) ga^e the 
largest dvnainic range with a tnaxinn.tn polan/ation value of 313 ml' lor the inlly bound 
peptide substrate. The substrate eorresponding to the C-tenninal segt.ent ol p56lek had the 
next largest polarization ^aluc tor the bound peptide of 266 ,.!>. whereas the insulin 
receptor derived peptide (b-lR-P) obtained a maxinui.n polan/at.on Nalue 01151 I he 
apparent Kd's tor each of those peptides were n ery s.ntilar. ranging in ^ alue between ().')7 
nM and 1.4 nM. Based on the larger dynamic range achieved with the IXH- receptor 
derixed sequence, this substrate peptide was more commonly used in later assays. 



Variable 

Peak mP 
IX'sO 



fable 1: PTP-IB (CS) Binding Assay 



K-KRP-P 

315.6 

').65()e-01() 



F-IR-P 

1 5 1 .4 

1.16()c-(M)<) 



F-lck-P 

266.4 
1 .43e-()()^> 



The results obtained with the DA binding mutant of PfPlB (l-igure 3 and 
.able 2) were overall quite simtlar to those measured with the C'S mutant, although the 
..aximutn polarization achie^ed upon binding the ICl-receptor derued peptide was 
somewhat lower (269 mP). fhe maximum polan/ation values tor bound insuHn receptor 
peptide was 132 mP and tor the p561ck peptide was 277 mP. fhe Kd's ranged between 0... 
nM and 1.1 nM. 



5i) 



Viiriiible 

l>eak mr 
i:C5() 



able 2: PTl'-llMDA) Bimlini; Assay 



1 .()72c-()()y 



F-IR-P 



5.07^>c-()10 



K-lck-P 

276.') 

9.(W9c-()l() 



1',XAM1M.K4 

Ml ASl Ri:Mf:NTOF INIIIBITION l)F PhPTIDt: BINDING BY VARIOl^S AGI.NTS 

liiiuiing assays were sot up as Llcscnbeci in l:xamplc 3. except that the first 
40 ul addition to the blaek polyprop> lene microliter plate was not Assa> Butter hut instead 
1 (, was a dilution of any test agents, compounds, or inhibitors in bulTer comprised of 25 mM 
Iris llCl pH 7.5. } % DMSO. fo the test agents was added 40 ul of .3 nM CS or DA 
binding mutant of IM Pli^ m Assay Buffer. Plates uere shaken tor .^0 sec to mix the two 
solutions. After another 12.5 minutes 40 ul of 3 nM lluorescein-laheled hXiF receptor 
peptide was added and the solutions mixed tor 30 sec. After 12.5 mmutes of incubation the 

1 5 plates were read as described in r.xample 3. 

Agents such as phosphol>rosine or nonlluorescent phosphotyrosyl peptides 
inhibited binding of tluoreseent peptide substrate to both CS (Fig. 4A) and DA (Fig. 4B) 
mutants of P 1 PHi with similar potency (Figure 4 and fable 3). Small molecule inhibitors 
such as CP1)-I and CPD-11 also inhibited both C S and DA mutants of P I PIB. although 

-0 each compound was se^cral fold more potent toward the C'S mutant than toward the DA 
mutant. Agents such as hydrogen peroxide and small organic molecule CTD-llI inhibited 
the DA substrate binding mutant with an IC50 of approximately 10 uM but tailed to inhibit 
,he CS substrate binding mutant of P I PI B until their concentrations were well in excess of 
100 uM. This stark difference in lC50s highlighted a major utility of the CS binding assa> . 

25 which was to indicate which agents were acting to inhibit P I Ps through a chemically 
reactive process dependent upon the catalytic cvsteine residue. In this example, hydrogen 
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pcroxKlc .nhibhcd i' l l> activilv and the binding of poptaic substrate by the DA binding 
.nulant by oxuiafon of the evsteu.e thiol. TreatnuMU ^s.th C I'D-Ill also pronuUed a 
eovalent eheinieal inoditleation of the eatalytie site thiol. 



[ able 3 : ( 'oniparison of Substrate Bindin^Assays I 'sing 



Compound 

cpr)T___ 

J l'l> ' 



CPD-llI 



( 215S 

0.78 _ 
o".3() 
1-^ 0 _ _ 

810 



C-2]5S and 1)181A PiPlB 
1)181 A 
K.0 



2.7 

1 2()" _ 
7.7 



i;XAMPI.l- 5 

CH..RA(Thl<l/AIION(.i AN.ASS.AV NUASrRlNCUM-PHOSPHOR^l.A rK)N tl I ()Ki.srHN 1 ■ 

i>i i( )spi i( ) R( )s\\ PI P 1 11)1 .s w ti 1 1 F P-b asi ;i) i)i: it.( ' i k )N 



In eslabl.shnig an> reliable en/ymatie assay, the readout, whether a ehange 
in absorbanee. tluoreseenee. rad.oaetu it> or an> other quant.tlable output nn.sl be duecth 
pre,portional to the amount of en/y me added to the reaet.on. I o deternune the useful 
operating range of the assay the hmhs of this linear region must be identified both in terms 
of quantity of enzyme utilized and u. the duration of the assay, in this e.xample PTPIB uas 
used to dephosphor>late the lluoreseein-labeled \iGV reeeptor derised phosphopept.de 
substrate b-erp-P (see l-.xample 2). The amount of phosphopeptide substrate remaining 
after treatment wUh I>1P1B uas assessed b> formmg a eomplex between the 
phosphopeptide and an antiphosphotsrosme monoelonal antibod> and measuring the extent 
of tluoreseenee polarization. In addition to serN ing as a deteetion agent, the antibody used 
in this example. (il04 (obtained from C old Spring I larbor Laboratory. Cold Spring Harbor. 
NY), also served as a reaetion terminator bv stopping an>- further dephosphor>lation of the 
peptide substrate. 



liiiliall\ a staiulard curve was cslahlishcd to assess the linear range of I P- 
based detcetion lor determining the phosphopeptide eontent of an assa\. To niiniie 
eonditions ol^ a reaelion. lluoreseein-labeled ptiosphol\ ros> ! peptide substrate (b-i;RP-l\ 
prepared as deseribed in I:\aniple 2) was mixed with lliioreseeindabeled peptide ol^ the 
5 same sequenee but hieking phosphor) hition of the t>Tosnie residue (l'-ld<P). The total 
amount ot^ peptide in the assa\ was kept eonstant at 1 nM and solutions eontaining dif ferent 
ratios ot^ phospho- and dephospho- peptide were prepared that eo\ered the entire range 
from 100% phosphopeptide to 0% phosphopeptide (i.e. lOO^^o dephosphopeptide). 

As deseribed in I:\ample 3. assa\s were performed in blaek pol\ propylene 

10 well plates and eounted on the LJI. Criterion'^^ AnaKst. Solutions of l'-b:RP-P and f- 
\ AIP peptide at 3 nM eaeh were prepared in Assa\ ButTer. These two solutions were mixed 
in 10 different proportions to ereate batehes of lluoreseent peptide that were lOO^^o. 90'N). 

70%. 60*^0. 50%. 40%. 30" 0. 20%,. 10% and 0% phosphorylated (e.g for lOO^o 
phosphonlated take 1 ml of^ F-1;RP-P. for 9{)% phosphor) lated tnix 0.9 ml of [-b:RP-P 

15 w ith 0.1 ml 1 -PRP. lor Sir^ o phosphor) lated mix O.X ml ol^l -PRP-P with 0,2 ml of F-PRP. 
ete. ). f ix e assays were set up tor measuring the polarization \ alues at eaeh ratio of f -{:RP- 
IV I -PRP. lo each well was added 40 ul of A^sax huHer. 40 ul of P-PRP-P/P-HRP 
mixtures and 40 ul of^mtiphosphotyrosine monoclonal antibody Cj104 (ascites fluid dduted 
1:1000 in Assay Buffer). Pre\ious titration experiments had shown thai this quantit) of 

20 (il04 was at least 5 told more than was required to bind all InM of F-PRP-P in the assa)'. 
A set of 36 wells was used to assess background fluorescence by setting up assa) s in which 
the 40 ul of fluorescent peptide was replaced w ith Assa) ButTer. After 15 min. assa) plates 
were read and calculations of mP \ alues were made as described in Fxample 3. 

I he results, shown in f igure 5. indicated that the polarization \alues for this 

25 tluiMvscent peptide substrate in a complex with (il04 were linearl) proportional to the 
amount of phosphopeptide in the assay across the entire range from 0% to 100%). Data 
points represent the a\erage value from the fixe determinations, and the error bars represent 
the standard dev iation. The polarization \ alue obtained with 100% dephosphopeptide I - 
F;R[^ (i.e. 0% phosphopeptide) was the same as that obtained with fluorescent peptide in the 



absence c)t antibcHl> (il()4 uhieh indicated that under tliese assav conditions tliere was no 
nieasurahlc nonspecific binding of tlie antibcKi> to Hie depliospliors lated peptide. 
I urtheniioie. the small, constant standard dex iation that was measured across the range ol' 
this assax indicated that these materials and instmnientation would allow a reliable assa> 
lor 1' IT acti\ ity to be established. 

l o establish the useful linear working range of the assa\ for PTP calaly/ed 
dephosphor>lation of a lluore.scent phospliolyrosyl peptide substrate with I P-based 
detection, assays were set up with lour different amounts of PIT IB and were stopped at 
four timed intervals. To black polypropylene plates was added 20 ul ot" 25 mM Tris HCl 
pll 7..- (or if an agent were being tested for its ability to affect the activity of the PTP. it 
would be added to the plates, in the same buffer but with the addition of 3 " DMSO as a 
Nchicle control) and 20 ul of .Assay Buffer containing different ciuantities of PIPIB 
prepared as described in l-xamplc 1 (0.67 ng. 0.3,1 ng. 0. 1 7 iig. or ().()S3 ng). After mixing 
tor 0.5 mill and allowing another 12.5 min of incubation. 20 ul of 6 nM F-1;RP-P in Assay 
Builer was added and mixed for 0.5 min. After 5. 10. 15 or 20 minutes 60 u! of (il04 
(1;40()0 dilution of ascites) in Assay Buffer was added to terminate the dephosphorvlation 
reaction and iorm a complex with the remaining l-I RP-P. A mock reaction lacking a.n 
PI PIB provided the maximum polarization values, and a reaction in which no O104 was 
included provided the minimum polarization xalues that were equivalent to completely 
dephosphor>lated peptide (see I'igure 5). As in fxample 3. wells for making measurements 
of background tluorcscence (i.e. in the absence of added r-i:RP-P) were also included in 
the experiment, f ifteen minutes after the addition of 01 04. plates were read and mP values 
were calculated as described in l:xample 3. fhe PI P activity was calculated from the 
fraction of the total f-l-RP-P substrate (i.e. change in mP xalues since time zero as a 
fraction of the total difference in mP between measured minimum and maximum 
polarization values) that was dephosphorylated during the time of the reaction. 

fhe results of this experiment are shown in figure 6. for polarization 
values greater than 150 mP (eciuivalenl to less than 30" o dephosphorylalion of peptide 
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subs,r»,c) (ho doph„sph,>rM„,K.n ro»c,ions uoro li„«,r with ,i,„c ol' ,ncub..i„„ ™d cho n,K-s 
„rdc,,l,„spl,oryl.m,„ uorc pn.p>.nio„.l u, ,hc »,m,unt of !■ 11' 1 H adjcj u, ,ho a.KUon 

i;XAMPl.l- 6 

IJSM.F AN Ain.KNATh .LRMINAH.K MOLKCVLl, IN AN ASSA^ R.R Ml-AM RINC 

onnu,s,.,u)RV..AiK)No.A.,rc.Ri:sc-,N,w.M()S(>fi()iVR(.s>i..'i:N^ 

This CNainplc shows thai toUouing termination of the eatah tic I' l l' assay 
dephosphorvlat,on .eaet.on. the product that .s detected rcnntins stable ior ntan> hotns 
alterwards. h. this experinton, a con^parison was made between ten.matinu the assay w.th 
cither ortw<, dUterent reaction tern.nator molecules, the anl.phosphotyrosn.e monoclonal 
ant,bodv (.104 or the C S mutant ol' I'lPlB. The ability of each reaCon ternmtator 
.nolecule also was assessed in the presence and absence of vanadate (a well known, 
nonspectlc 1> 1 P inh.buor,. .1 prion U was not known whether the phosphopeptale b,ndm. 
p,oten.s that are necessar^ for fonmng the complex that results in increased polar.zed 
n,orescence of the tluorescent-phosphotyrosyl peptide substrate would also ser^e to 
completelv inhibit the activity of the P I P in the assay. 

AssaNs uere set up in black polypropvleno plates wth 20 ul of 25 mM Ins 
HCl pH 7.5 and 20 ul of 300 nM I-I RP-P in 25 mM Tns HCl pH 7.5. 1 mM Id) 1 A. 1 mM 
DTI 0 2S mg'ml ovalbumin ( IIX)!) buffer). The dephosphorylation reaction was init.ated 
upon adduion o.' 20 ul of 1.5 n, n.l P I PIB in T1-:0D buffer. At 1 1 min. 20 mu. .30 mu. 
40 n.n and 60 independent sets of assays were termn.ated whh addhion ot 60 ul ot 4 
different solutions (1)2 uM C21,.S PlPlB in TEOD buffer (Figs. 7A. 8A. ^)A). or ,2, 2 
uM C-15S PIPIB. 2 mM soduun ortho vandadate in ll-Oi) buffer (bigs. 7C. S( . ^)(. )- (>r 
, „ Cil04 (1-70 ddution of ascites in 1 POD buffer)(I-ius. 7B. 8B. m. or (4) 2 mM sodu.m 
,,Ho vanadate. (.104 (1:70 dUut.on of asctes n. Tl-OD buffer (1 ,gs. 70. SI). 01)). l or a 
.ero time p<nnt. reactions recced 60 ul of termu.ator solution prior to addition ot 20 ul ol 
1 . n..'ml PIPIB m TlX)!) bulTer. io assess the course of the dephosphoryhmon react.on 
and to ascerta,n whether an> polar.ation values were changu.g after addhion ot the 
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diftorcnt .cm.nator solul.ons. plates were read at 6 min. 13 >nin. 22 m,n. 50 nun. 80 min. 
and 14 hr alter the deplK>sphc,r> lalicn reaetion was initiated. Plates were read t.sing the 
Polarstar inslrumeiit Irom BMCi l.ah ioehnologies using the following settings; 



(iain 


uo / o / „ 


l{\cilalion filter 




l^missioii filter 




Test type 


plate mode 


Reading direetion 


horizontal 


No. of eyeles 


1 


No. of Hashes 


10 


Int, Delay (us) 


0 


Int. Time (us) 


12 


Shake time (s) 


30 before each e\cle 


Measurement t\ pe 


polar 


Start 


1 


Stop 


1 


Cycle time 


154 


K factor 





As in lixaniple 3. wells were set up to measure background tluoreseence to 
allow proper calculation of ml' salt.es and other wells were set up without addition of 
,,rni,nator reagent to assess the mm.mum polari/ation value of the unbound nuorescent 

phosphotyrosy! peptide (l -l:Rl'-P). 

•fhe results are depicted in f igures 7-0. First, under these conditions the 
dephosphorylation of f-i-Rl'-P was complete by 20 minutes. Second, monoclonal 
antiphosphotyrosine antibody Cil()4 and the C215S-P1P1B binding mutant were equally 
effectixe at stopping the dephosphorylation reaction, and the polarization xalues for each 
set of reactions, which were stopped after 11 min. remained stable for 14 hours. I bird, 
inclusion of sodium ortho vanadate in the terminator mixes did not appear to base an> 
additne effect on the observed endpoints -both of the reaction terminator molecule 
proteins, when tested alone, effectiselv stopped the dephosphor> lation reaction and created 
stable complexes with the remaining iluorescent phosphopeptide. fourth, the maximum 
polarization values for bound peptide in this set of experiments were 300 mP for the C S 



mutant oi I>1T1B and 190 ml> tor (il()4. Thus, in these experiments, llie use of the C'S 
nuitant of I'il'll^ as a reaetion terminator moieeule created a larger uindou ofmP values 
in which to calculate the assay results. 

i:XAMPI i; 7 

liSI'OrP Tl' BlNDlNC. ANI)I)i:i'H<)SI>ll()KM.ATI()N ASSA^ S Oi' A [ 1,1 OIU'SCI^NT- 
Pl |, )S1'I K )rVK()SVl. 1 St.4iSl RA li: \V1 HI I' P Ol.T^^^^ 

S( Rt;[:NlN(. OF SMALL MOl.LCl IJ- COMI'OLNDS 

In this example, both the assay Tor 1> I P-nuorescent-phospholyrosyl peptide 
substrate binding and the PI P catalytic assay tor dephosphor> lation of tluorescent- 
phosphot>i-os>l peptide substrate, coupled xvhh I P based detection, were tested in high 
throughput screening tor detection of modulators ot P I P 1 unction. P I P I B. ("2 1 5S-P I P I B. 
l--f;RP-P as substrate and a collection of ■ lO.OOO ehemicalh diverse, small organic 

5 molecules \\eie anal\ /.ed. 

lor the binding assay. assa>s were set up m black polypropylene plates 
essentially as described in l-xample 4. Chemical compounds (candidate agents) were 
dispensed i.Uo plates at 1 uM in 40 ul of 25 mM I ns IICI pll 7.5. 3 % DMSO. 40 ul of 6 
nM (. S binding mutant of PfPlB in Assay Buffer was added and incubated for 13 min 
0 prior to addition of 40 ul of 3 nM of F-1;RP-P. Alter 13 min incubation at room 
temperature, plates were read in l,.iL Criterion'^' Analyst and calculations of niP values 
were performed as described in Example 3. Some wells on each plate contained no test 
comp(H.nds and these polarization values for uninhibited binding assavs were used to 
normalize results between plates to create the scattergram analysis of the entire screen 
5 shown m figure lOA. Ihe results in figure I OA show that the vast majority of compounds 
in this collection were without effect on the binding actiNity and that active compounds in 
this assay could be quite clearly distinguished from the inacti\ e majority. 

for the IP-based assay to measure dephosphory lation of tluoreseent 
phosphotyrosyl peptide (f-PRP-P). assays were set up in black polyprop>lene plates. 



C hemical compounds (candidate agcnls) were dispensed .nto plates at 20 uM in 20 ul of 25 
„iM iris IICI pll 7.5. 3'!o DMSO. 20 ul ol Ing'ml I'lI'lH in Assay Builer was added, 
mixed lor 0,5 mm and incubated lor another 12.5 min at which tunc 20 ul of 6 nM 1-1;RP- 
1> in Assay BulTer uas added. The reaction was mixed lor 0.5 min and allowed to proceed 
tor another 12.5 min before being stopped by the addition of 60 ul monoclonal anti- 
pliosphot>rosine antibody (il()4 as the reaction terminator molecule (ascites lluid diluted 
1:4000 in Assay Buffer). As described abcne for the binding assay, control wells in which 
no test compound was added, and uells to which no en/A.ne were added, were used to 
normalize results between plates and to create the scattergram in figure lOB. The results 
presented in f igure lOB demonstrate that this assay performed satisfaetonh in a high 
throughput screening format such that active compounds could he clearly distinguished 
from a large background of compounds which did not inhibit 1' f P-mediated 
dephosphorylation of substrate. 



fhose skilled in the art will recogni/.e. or be able to ascertain, using no more 
lhan routine experimentation, many equivalents to the specific embodiments of the 
inxention described herein. Such equixalents are intended to be encom,x.ssed b^ the 
followiim claims: 



